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C57)Abstract: 

PROBLEM TO BE SOLVED: To easily form a Si or Ge jf- ! : 

semiconductor film having a large area by selecting a -^^prH- ^ 

semiconductor material from among compds. expressed 
by specified formulae. 

SOLUTION: A semiconductor material is selected from - 
among compds. given by formulae I, II (M is Si or Ge, R1 
selected among H and alkyls having 20 or more and beta 
H), HI, IV (X is halogen atom, n is 4 or higher integer, a is 
1 or 1) V (R2 is substituted group given by VII ^^iSf 



nonsubstituted alkyi group, R3 is H atom, 1-1 5C v^?n; 

substituted group, R4 is 1-1 50 substituted group) VI (R5 ^•jr^ \= 

is 1-1 5C substituted group) to form a semiconductor i^ix: 
thin film. This soln. is coated and thermally decomposed V: ' 

to form a Si film having a large area. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] General formula (I) After applying the solution of a semi-conductor raw material on a 
substrate, it is the approach of pyrolyzing, separating a semi-conductor and forming a semi- 
conductor thin film, and said semi-conductor raw material reaches (II). 
[Formula 1] 



Rl 
I 

M- 
I 



<I) 



Rl 



01) 



Ri 

( — M is chosen from the group which consists of silicon and germanium among a formula, and 
R1 is independently chosen from the group which consists of hydrogen, a with a carbon numbers 
of two or more in which at least beta has hydrogen alkyi group and a phenyl group, and a silyl 
radical, respectively. ) — the compound and general formula (III) which are expressed — and (VI) 



[Formula 2] 



(III) 



(IV) 



( — M is chosen from the group which consists of silicon and germanium among a formula, and X 
is [ four or more integers and a of a halogen atom and n ] 1 or 2.) — the compound and general 
formula (V) which are expressed 
[Formula 3] 



http://www4.ipdl.jpo.gojp/cgi-bin/tran_web_cgi_eiie?u=http%3A%2F%2Fwww4.ipdljp... 2004/07/26 



2/3 ^— V 



R« I R2 



R2— ^Si— Si 
R2 



i >R2 

^SI — Sir— R2 



\ 



(V> 



R2 



Si 
I 

Si 

(R2 is independently chosen from the group which consists of the permutation expressed with 
the following type or an unsubstituted alkyi group, an aryl group, and an aralkyi radical among a 
formula, respectively.) 
[Formula 4] 
R3 

^R* 



the inside of a formula, and R3 — respectively — independent — the permutation of a hydrogen 
atom and carbon numbers 1-15, or an unsubstituted alkyI group — It is chosen from the group 
which consists of the permutation or unsubstituted aralkyi radical of the permutation of carbon 
numbers 6-15 or an unsubstituted aryl group, and carbon numbers 7-15. R4 It is chosen from 
the group which consists of the jDermutation or unsubstituted aralkyi radical of the permutation 
of the permutation of carbon numbers 1-15 or an unsubstituted alky! group, and carbon numbers 
6-15 or an unsubstituted aryl group, and carbon numbers 7-15. The compound expressed and a 
general formula (VI) 
[Formula 5] 

I 

I 

R5 

( — R5 is independently chosen from the group which consists of a permutation or an 
unsubstituted silyl radical with the permutation of carbon numbers 1-15 or an unsubstituted alkyI 
group, an aryl group, an aralkyi radical, and 1-5 silicon among a formula, respectively.) — the 
semi-conductor thin film formation approach characterized by being chosen from the group 
which consists of a compound expressed. 

[Claim 2] Said general formula (I) The semi-conductor thin film formation approach characterized 
by separating the semi-conductor which pyrolyzes and contains the impurity of a predetermined 
conductivity type after adding the source of a dopant which gives the conductivity type of p 
mold or n mold to the solution of the semi-conductor raw material chosen from the group which 
consists of a compound expressed with - (VI) and applying on a substrate. 

[Claim 3] Said general formula (I) The semi-conductor thin film formation approach characterized 
by separating the semi-conductor which pyrolyzes in the ambient atmosphere containing the 
source of a dopant which gives the conductivity type of p mold or n mold, and contains the 
impurity of a predetermined conductivity type after applying on a substrate the solution of the 
semi-conductor raw material chosen from the group which consists of a compound expressed 
with - (VI). 
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[Claim 4] In manufacturing the solar battery which prepared the semi-conductor thin film which 
has one of conductivity types among i mold, p mold, and n mold more than two-layer in inter- 
electrode [ one pair of], and formed semi-conductor junction in it In forming the semi-conductor 
thin film of i mold, after applying the solution of the semi-conductor raw material chosen from 
the group which consists of a compound expressed with said general formula (I) - (VI), In 
adopting the process which it pyrolyzes [ process ] and separates a semi-conductor and forming 
the semi-conductor thin film of p mold or n mold Said general formula (I) [ whether it pyrolyzes, 
after adding the source of a dopant which gives a predetermined conductivity type to the 
solution of the semi-conductor raw material chosen from the group which consists of a 
compound expressed with - (VI) and applying on a substrate, and ] Or by pyrolyzing in the 
ambient atmosphere containing the source of a dopant which gives a predetermined conductivity 
type after applying on a substrate the solution of the semi-conductor raw material chosen from 
the group which consists of a compound expressed with said general formula (I) - (VI) The 
manufacture approach of the solar battery characterized by adopting the process which 
separates the semi-conductor containing the impurity which gives a predetermined conductivity 
type, repeating these processes, and forming the semi-conductor thin film more than two-layer. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This docunnent has been translated by computer. So the translation may not reflect the original 
precisely. ' 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the manufacture approach of a solar battery of 

having used the new semi-conductor thin film formation approach and this approach. 

[0002] 

[Description of the Prior Art] Conventionally, as an approach of forming the semi-conductor thin 
film which consists of the silicon or germanium which is IV group element, vapor growth, such as 
vacuum deposition, a spatter, the ion plating method, and a CVD method, is used. However, in 
order that each of these approaches might use a reduced pressure environment, a hydrogen 
furnace environment, etc. at the time of membrane formation, it was indispensable to have used 
an airtight high reaction container, and they was difficult to form a uniform semi-conductor thin 
film on the substrate of a large area. For this reason, there was a limitation in manufacturing 
what has a single or more large figures area by the conventional ratio with the application 
product which has a semi-conductor thin film, for example, a solar battery. _ 

[0003] Then, it considers using the wet applying method as one of the approaches of forming the 
semi-conductor thin film of a large area. For example, the approach of forming a silicon thin film 
is indicated by JP,4-1 19996,A by applying compounds, such as OKUTASHIRA cubane, as a 
source of silicon on a substrate, and pyrolyzing this source compound of silicon. This approach 
does not need a large-scale and expensive manufacturing facility like a vacuum chamber, but it 
is thought that it is advantageous to forming a silicon thin film easily on the substrate of a large 
area. 

[0004] However, to oxygen, compounds, such as OKUTASHIRA cubane indicated by this official 
report, have many unstable things, in air, oxidize easily and denaturalize. Moreover, these 
compounds have that the solubility to a solvent is [ much ] low, and are difficult to form a 
uniform thin film. 

[0005] Furthermore, if the application to a solar battery etc. is taken into consideration, it is 
necessary to form the silicon thin film which doped the impurity of p mold or n mold. However, 
conventionally, since the impurity was doped by thermal diffusion or the ion implantation after 
forming a silicon thin film by the pyrolysis, large-scale equipment was needed and complication 
of a process had been caused. 
[0006] 

[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the approach 
of forming easily the semi-conductor thin film which consists of the silicon or germanium of a 
large area, and the method of manufacturing the solar battery of a large area using this 
approach. 
[0007] 

[Means for Solving the Problem] General formula (I) After the semi-conductor thin film formation 
approach of this invention applies the solution of a semi-conductor raw material on a substrate, 
it is the approach of pyrolyzing, separating a semi-conductor and forming a semi-conductor thin 
film, and said semi-conductor raw material reaches (II). 
[0008] 
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[Formula 6] 
R' 
I 

Rl 



(I> 



R' (ID 
I 

( — M is chosen from the group which consists of silicon and germanium among a formula, and 
R1 is independently chosen from the group which consists of hydrogen, a with a carbon numbers 
of two or more in which at least beta has hydrogen alkyi group and a phenyl group, and a silyl 
radical, respectively.) — the compound and general formula (III) which are expressed — and (IV) 

[0009] 
[Formula 7] 

— {m (XaHz-a)-}^ ^"'^ 



(IV) 



( — M is chosen from the group which consists of silicon and germanium among a formula, and X 
is [ four or rnore integers and a"of a halogen atom and n ] 1 or 2.) — the compound and general 
formula (V) which are expressed 
[0010] 
[Formula 8] 

R? I RZ 



R2 — ^Si— Si — 



Si 

I 

Si 



Si — 



Si^ — R2 

\r2 



(V) 



Si 

r2- |"\r2 

RZ 

(R2 is independently chosen from the group which consists of the permutation expressed with 
the following type or an unsubstituted alkyI group, an aryl group, and an aralkyi radical among a 
formula, respectively.) 
[0011] 
[Formula 9] 

R3 

I ^R3 
^R3 
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the inside of a formula, and R3 — respectively — independent — the permutation of a hydrogen 
atom and carbon numbers 1-15, or an unsubstituted alkyi group — It is chosen from the group 
which consists of the permutation or unsubstituted aralkyi radical of the permutation of carbon 
numbers 6-15 or an unsubstituted aryl group, and carbon numbers 7-15. R4 It is chosen from 
the group which consists of the permutation or unsubstituted aralkyi radical of the permutation 
of the permutation of carbon numbers 1-15 or an unsubstituted alky! group, and carbon numbers 
6-15 or an unsubstituted aryl group, and carbon numbers 7-15. The compound expressed and a 
general formula (VI) 
[0012] 

[Formula 10] 
R5 
I 

I Si: 
N 



R5 

( — R5 is independently chosen from the group which consists of a permutation or an 
unsubstituted silyl radical with the permutation of carbon numbers 1-15 or an unsubstituted alkyI 
group, an aryl group, an aralkyi radical, and 1-5 silicon among a formula, respectively.) — it is 
chosen from the group which consists of a compound expressed. 

[0013] After the formation approach of a semi-conductor thin film in this invention of having a 
predetermined conductivity type adds the source of a dopant which gives the conductivity type 
of p mold or n mold to the solution of the semi-conductor raw material chosen from the group 
which consists of a compound expressed with said general formula (I) - (VI) and applies it on a 
substrate, it separates the semi-conductor which pyrolyzes and contains the impurity of a 
predetermined conductivity type. 

[0014] Other formation approaches of a semi-conductor thin film in this invention of having a 
predetermined conductivity type separate the semi-conductor which pyrolyzes in the ambient 
atmosphere containing the source of a dopant which gives the conductivity type of p mold or n 
mold, and contains the impurity of a predetermined conductivity type, after applying on a 
substrate the solution of the semi-conductor raw material chosen from the group which consists 
of a compound expressed with said general formula (I) - (VI). 

[0015] In the manufacture approach of the solar battery of this invention manufacturing the solar 
battery which prepared the semi-conductor thin film which has one of conductivity types among 
i mold, p mold, and n mold more than two-layer in inter-electrode [ one pair of], and formed 
semi-conductor junction in it In forming the semi-conductor thin film of i mold, after applying on 
a substrate the solution of the semi-conductor raw material chosen from the group which 
consists of a compound expressed with said general formula (I) - (VI), In adopting the process 
which it pyrolyzes [ process ] and separates a semi-conductor and forming the semi-conductor 
thin film of p mold or n mold Said general formula (I) [ whether it pyrolyzes, after adding the 
source of a dopant which gives a predetermined conductivity type to the solution of the semi- 
conductor raw material chosen from the group which consists of a compound expressed with - 
(VI) and applying on a substrate, and ] Or by pyrolyzing in the ambient atmosphere containing the 
source of a dopant which gives a predetermined conductivity type after applying on a substrate 
the solution of the semi-conductor raw material chosen from the group which consists of a 
compound expressed with said general formula (I) - (VI) The process which separates the semi- 
conductor containing the impurity which gives a predetermined conductivity type is adopted, 
these processes are repeated, and the semi-conductor thin film more than two-layer is formed. 
[0016] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail. In this 
invention, the ingredient of the arbitration chosen from semi-conductors, such as silicon, glass, 
the glass that has a transparent electrode, a metal, the ceramics, a thermally stable polymer, 
etc. as a substrate ingredient can be used. 
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[0017] The compound used as the semi-conductor raw material used in this invention is 
explained. The compound expressed with a general formula (I) or ClD is the silane system which 
makes a single dimension chain or cyclic structure, or a germane system compound. A copolymer 
is sufficient as these compounds and they may be used as mixture. In this invention, it is a solid- 
state at a room temperature, and a meltable compound is used for an organic solvent In order to 
fulfill such conditions, it is desirable that polymerization degree n is 10000 or less [ 3 or more ] in 
the polymer which has for example, single dimension chain structure, and it is more desirable to 
a pan that it is 5-30. 

[0018] The example of a compound expressed with a general formula (I) or (II) is shown below. In 
addition, although only the polysilane of a single dimension chain is shown below, annular 
polysilane is sufficient and, of course, the poly germane who transposed silicon to germanium is 
sufficient. 
[0019] 

[Formula 11] 

CHs CHa H 



CH2 

I 

H 



CH2 

-S 

I 

CHz 



o C O H o 

3 3 

CH 
I 

I 

H 



[0020] 

[Formula 12] 
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H 




CH3 



CH3 

[ 

HgC-S I -CH3 

-es 



[0021] The compound expressed with a general formula (III) or (IV) is a halogenide of silicon 
or/and germanium. In order to fulfill the conditions of being meltable, to an organic solvent, as for 
these halogenides, it is desirable that weight average molecular weight is 500-100,000. Since it 
volatilizes from a substrate before a pyrolysis will happen, if molecular weight is small, the good 
film is hard to be formed. If molecular weight is the above-mentioned range, the vapor pressure 
in pyrolysis temperature is comparatively low, and the volatilization from a substrate can be 
disregarded. If molecular weight is too large, the solubility over a solvent will fall and spreading to 
a substrate will become difficult. 

[0022] It is a solid-state at a room temperature, and the silane system compound expressed 
with a general formula (V) is meltable to an organic solvent, and its stability over oxidation is 
high. It is a solid-state at a room temperature, and the silylene compound expressed with a 
general formula (VI) is meltable to an organic solvent, and its stability over oxidation is high. 
[0023] Since the compound expressed with general formula (I) - (VI) used in this invention is 
meltable to an organic solvent, it is applied on the substrate which has the flat surface or curved 
surface of a large area by the method of applying arbitration, such as dipping, spin coating, and 
spray coating, and can form a uniform paint film. As for the thickness of a paint film, it is 
desirable that it is dozens of nm. The instrument used at this spreading process can be chosen 
as arbitration according to the magnitude of a substrate. Moreover, if atmospheric mixing can be 
prevented about a coater, it is enough and a large-scale airtight high decompression device like 
[ in the case of vapor growth ] is unnecessary. 

[0024] In this invention, after heating the paint film of the compound applied on the substrate 
before and behind the melting point in reducing atmospheres, such as a predetermined ambient 
atmosphere, for example, an inert gas ambient atmosphere, or hydrogen, and evaporating a 
solvent, by making a pyrolysis reaction cause, silicon or/and germanium are separated and a 
semi-conductor thin film is formed. The pressure of an ambient atmosphere is good before and 
behind ordinary pressure (one atmospheric pressure). Moreover, as for a resultant, removing with 
exhaust air is desirable. Especially a heating means may not be limited, but may use a common 
electric furnace, may irradiate infrared radiation like the rapid thermal annealing method, and may 
perform laser annealing. Concrete pyrolysis temperature changes with compounds. For example, 
in the case of the compound expressed with a general formula (I) and (II), it is desirable to carry 
out a pyrolysis at 200-700 degrees C and further 300-650 degrees C. In the case of the 



CH3 
HoC-S i -CH3 

I 

H3C-S i -CH3 



CH, 
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compound expressed with a general formula (III) and (IV), a pyrolysis happens in about 250 
degrees C - about 1300 degrees C, but it is desirable to carry out a pyrolysis at 300-500 
degrees C. In the case of the compound expressed with a general formula (V) and (VI), it is 
desirable to carry out a pyrolysis at 300-700 degrees C. A programming rate is set as 5 degrees 
C / min extent. Reaction time is enough in 10 minutes - 10 hours. However, a temperature up 
may not be carried out depending on the case, but the pyrolysis in constant temperature may be 
performed. 

[0025] By this pyrolysis reaction, the elimination reaction of the substituent introduced into the 
side chain of a semi-conductor raw material occurs. For example, a beta elimination reaction 
occurs with the compound which has a with a carbon numbers of two or more in which at least 
beta has hydrogen alkyi group, and radical desorption happens with the compound which has a 
phenyl group. Silicon or the polycrystal thin film of germanium can be formed by such pyrolysis 
reaction. Moreover, decomposition by UV irradiation is used together, and if pyrolysis 
temperature is reduced, an amorphous thin film can be formed. In addition, these thin films 
contain some hydrogen in addition to IV group element. 

[0026] The mixed semi-conductor thin film of silicon and germanium can also be formed by 
applying and carrying out the pyrolysis of the solution of the mixture of a silane system 
compound and a germane system compound, or the solution of the copolymer which has the 
repeat unit of a silane, and germane's repeat unit. In addition, for controlling a presentation with 
silicon and germanium, the former approach is more desirable. 

[0027] The equipment for enforcing the approach of above this inventions is typically shown in 
drawing 1 - drawing 3 . As shown in drawing 1 (a), jn order to put in a substrate 1 in the coater 3 
equipped with the nozzle 4 and to prevent atmospheric-air mixing into a coater 3, after 
considering as nitrogen-gas-atmosphere mind, the solution of a semi-conductor raw material is 
sprayed from a nozzle 4, and it applies on a substrate 1. In this case, the amount of the solution 
applied on a substrate 1 is controllable by setting up nozzle dimensions and spraying time 
amount suitably. Next, as shown in drawing 1 (b), the substrate 1 with which the solution of a 
semi-conductor raw material was applied is put into the hydrogen furnace 5, a substrate 1 is 
heated at a heater 6 in the reducibility gas ambient atmosphere which makes hydrogen a subject, 
the pyrolysis of the semi-conductor raw material is carried out, and the semi-conductor thin film 
2 is formed on a substrate 1. In addition, an infrared heater, a resistance heating heater, etc. can 
be used as a heater 6. 

[0028] As shown in drawing 2 , a substrate 1 is put in in the hydrogen furnace 5, and the solution 
of a semi-conductor raw material can be directly sprayed from a nozzle 4 on a substrate 1, it 
can apply on a substrate 1, a substrate 1 can be heated at a heater 6, and a semi-conductor 
thin film can also be formed by pyrolyzing a semi-conductor raw material. 

[0029] Moreover, drawing 3 shows the equipment for manufacturing a semi-conductor thin film 
continuously using a flexible substrate. The flexible substrate 1 is supplied from a supply roll 11, 
and it is immersed in the semi-conductor raw material solution 8 in the raw material container 7. 
A substrate 1 is sent to the hydrogen furnace 5 with the delivery rolls 12 and 12. It is heated at 
a heater 6 in the hydrogen furnace 5, the pyrolysis of a semi-conductor raw material is 
performed, and a semi-conductor thin film is formed on a substrate 1. Then, a substrate 1 is 
rolled round and rolled round by the roll 13. Thus, a semi-conductor thin film can be continuously 
formed on a flexible substrate. 

[0030] In this invention, the semi-conductor thin film of a predetermined conductivity type can 
also be formed by using the source of a dopant which gives the conductivity type of p mold or n 
mold. The two following approaches can be used as the approach. Namely, after adding the 
source of a dopant which gives the conductivity type of p mold or n mold to the solution of the 
semi-conductor raw material chosen from the group which consists of a compound expressed 
with (1) general-formula (I) - (VI) and applying on a substrate. How to separate the semi- 
conductor which pyrolyzes and contains the impurity of a predetermined conductivity type, And 
after applying on a substrate the solution of the semi-conductor raw material chosen from the 
group which consists of a compound expressed with (2) general-formula (I) - (VI), It is the 
approach of separating the semi-conductor which pyrolyzes in the ambient atmosphere 
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containing the source of a dopant which gives the conductivity type of p mold or n mold, and 
contains the impurity of a predetermined conductivity type. The equipment and the reaction 
condition for enforcing these approaches are the same with having indicated previously, and 
good. 

[0031] In these approaches, generally, boron (B) is used as a p mold impurity, and Lynn (P), an 
arsenic (As), and antimony (Sb) are used as an n mold impurity. By the approach of (1), the 
alkylation object of an impurity element or the compound which has association with an impurity 
element and Si in intramolecular is used as a source of a dopant. By the approach of (2), the 
alkylation object of an impurity element, the compound which has association with an impurity 
element and Si in intramolecular, or the hydride of an impurity element is used as a source of a 
dopant. Although the addition of the source of a dopant to a semi-conductor raw material is 
based on high impurity concentration required for the semi-conductor thin film which should be 
formed, generally it is desirable that the atomic number of an impurity element to all the silicon 
atomic numbers in a raw material is 0.1 - 10%. 

[0032] as the alkylation object of p mold impurity — BPh3, BMePh2. and B(t-Bu) 3 etc. — it is 
mentioned. As a compound which has association with p mold impurity and Si, B(SiMe3) 3, PhB 
(SiMe3)2, CI2 B (SiMe3), etc. are mentioned. Diboron hexahydride etc. is mentioned as a hydride 
of p mold impurity. 

[0033] as the alkylation object of n mold impurity — PPh3, PMePh2, P(t-Bu) 3, AsPh3, 
AsMePh2, As (t-Bu)3, SbPh3, SbMePh2, and Sb (t-Bu)3 etc. — it is mentioned. As a compound 
which has association with n mold impurity and Si P(SiMe3) 3, PhP (SiMe3)2, CI2 P (SiMe3), As 
(SiMe3)3, PhAs (SiMe3)2, CI2 As(SiMe3) Sb (SiMe3)3, PhSb (SiMe3)2, CI2 Sb (SiMe3), etc. are 
mentioned. A phosphine, an arsine, etc. are mentioned as a hydride of n mold impurity. 
[0034] When the compound which has the compound or P(As or Sb)-Si association which has 
especially B-Si association among the above-mentioned sources of a dopant is used, the amount 
of C incorporated in the semi-conductor thin film formed into these compounds since there is 
little association with an impurity and C can be controlled, and the electrical characteristics of a 
semi-conductor thin film can be improved. 

[0035] In addition, when using the compound which has the compound or P(As or Sb)-Si 
association which has B-Si association as a source of a dopant, the OKUTASHIRA cubane 
expressed with the following general formula can also be used as a compound used as the 
source of silicon. 
[0036] 

[Formula 13] 

\ / 
Si' Si 



Substituent R6 A thing as shown below as an example is mentioned. 
[0037] 

[Formula 14] 
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Me -S i - Me S i - 

I I 

Me , Me Me 

[0038] Since the OKUTASHIRA cubane which has especially a trimethylsilyl radical (Me3 Si-) 
among these substituents has the good solubility over an organic solvent, it is desirable. 
Furthermore, the solar battery of a large area can be manufactured using the formation approach 
of a semi-conductor thin film which was mentioned above in this invention. That is, since a solar 
battery has the structure which prepared the semi-conductor thin film which has one of 
conductivity types among i mold, p mold, and n mold more than two-layer in inter-electrode 
[ one pair of], and formed semi-conductor junction, semi-conductor junction of p-n, pin, i-p, i-n, 
etc. is realizable by repeating the approach mentioned above and forming the semi-conductor 
thin film more than two-layer. 

[0039] When manufacturing a solar battery by the approach of this invention, by connecting the 
two or more sets combination of a hydrogen furnace with a raw material container as shown in 
drawin g 3 , the laminating membrane formation of the multilayer semi-conductor thin film can be 
carried out in the consistent continuous process, and it is advantageous to manufacture of the 
solar battery of a large area. 

[0040] As mentioned above, since the solution of a semi-conductor raw material is first applied 
in this invention and a semi-conductor is separated by the pyrolysis after that, even if a 
substrate is a large area, a uniform semi-conductor thin film can be formed, and the solar 
battery of a large area can be manufactured using still such an approach. 

[0041] In addition, although the approach of this invention was developed by the key objective in 
manufacture of a solar battery, it is clear that it is effective also in manufacture of the 
amorphous silicon TFT of a large area. Moreover, the approach of this invention can also expect 
the application to other fields it can apply also to a substrate with a curved surface. 
[0042] 

[Example] Hereafter, the example of this invention is explained. 

Dichlorosilane was dissolved into the example 1 tetrahydrofuran, the single dimension chain 
polysilane which adds a metal lithium, is made to carry out a polymerization on predetermined 
polymerization conditions, and is expressed with -(SiH2) n- was compounded, and it was made 
to deposit as a solid-state, n of the obtained single dimension chain polysilane was the mixture 
of the polysilane of 5-15. At a room temperature, this polysilane is a solid-state and is dissolved 
in organic solvents, such as a xylene. 

[0043] The solution which dissolved this polysilane in the xylene was applied on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the xylene was evaporated, the pyrolysis of the polysilane was 
carried out at 650 more degrees C, and silicon was separated. Consequently, it was checked that 
the thin film of polycrystalline silicon is formed on a substrate. 

[0044] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
latm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 350 degrees C, it was checked that the thin film of an amorphous 
silicon can be formed. 

[0045] Next, after the same spreading process as the above, as a result of carrying out the 
process which separates silicon by the pyrolysis in the hydrogen ambient atmosphere containing 
diboron hexahydride, it was checked that a p-type silicon thin film can be formed. Moreover, 
after the same spreading process as the above, as a result of carrying out the process which 
separates silicon by the pyrolysis in the hydrogen ambient atmosphere containing an arsine, it 
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was checked that n mold silicon thin film can be formed. In addition, a phosphine may be used 
instead of an arsine. 

[0046] Furthermore, the solar battery shown in drawing 4 using the formation approach of the 
above silicon thin films was produced. In drawing 4 , the transparent electrode 22 which consists 
of tin oxide (Sn02) or indium oxide tin (ITO) is formed on the glass substrate 21. On this 
transparent electrode 22, the laminating of p mold amorphous silicon layer 23 with a thickness of 
0.1 micrometers, the undoping (i mold) amorphous silicon layer 24 with a thickness of 0.5 
micrometers, and the n mold amorphous silicon layer 25 with a thickness of 0.1 micrometers is 
carried out one by one by repeating the process which applies and pyrolyzes a polysilane 
solution so that some transparent electrodes 22 may be exposed. Furthermore, on n mold 
amorphous silicon layer 25, the aluminum electrode 27 is formed on the transparent electrode 22 
which the aluminum electrode 26 exposed, respectively. 

[0047] As a result of measuring photoelectromotive force and searching for conversion 
efficiency about the obtained solar battery, it is 7.8% and it was checked that the conversion 
efficiency which is equal compared with the conventional amorphous-silicon solar cell is 
acquired. 

[0048] The toluene of 1L was added to the reaction container filled with example 2Ar, and 2.2 
mols of metals Na finely cut out in this were added. The solution which diluted the mixed liquor 
of one mol diethyl dichlorosilane and 0.05-mol triethyl chlorosilicane with the toluene of lOOmL 
(s) was dropped at the above-mentioned reaction container over 1 hour. Under the present 
circumstances, the dropping rate was controlled so that reaction temperature did not exceed 
100 degrees C. It was made to react at 110 degrees C after dropping termination for further 2 
hours. Then, after processing an unreacted metal by ethanol, single dimension chain polysilane 
was settled in ethanol. This polysilane was expressed with -(SiEt2) n- and molecular weight was 
about 3000. 

[0049] The solution which dissolved this polysilane in the xylene was applied on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the xylene was evaporated, the pyrolysis of the polysilane was 
carried out at 450 more degrees C, and silicon was separated. Consequently, it was checked that 
the thin film of polycrystalline silicon is formed on a substrate. 

[0050] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
1atm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 350 degrees C, it was checked that the thin film of an amorphous 
silicon can be formed. 

[0051] Moreover, it was checked by using the same approach as an example 1 that the silicon 
thin film of p mold or n mold can be formed. Furthermore, as a result of repeating these 
approaches, carrying out the laminating of n mold silicon thin film and the p-type silicon thin film 
and forming np junction, it was checked that a photoelectromotive-force property is shown. 
[0052] in addition, the substituent R -CH CCH3)2, -C (CH3)3, and -C(CH3) Ph2 Or -C (CH3) 
(cyclopropyl)2 it is — the good result was obtained also when polysilane was used. 
[0053] The single dimension chain polysilane (molecular weight 5000 [ about ]) expressed with - 
(SiEtPh) n- as a compound used as the source of example 3 silicon was used. At a room 
temperature, this polysilane is a solid-state and is dissolved in organic solvents, such as a 
xylene. 

[0054] The solution which dissolved this polysilane in the xylene was applied on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the xylene was evaporated, the pyrolysis of the polysilane was 
carried out at 450 more degrees 0, and silicon was separated. Consequently, it was checked that 
the thin film of polycrystalline silicon is formed on a substrate. 

[0055] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
latm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 370 degrees C, it was checked that the thin film of an amorphous 
silicon can be formed. 

[0056] Moreover, it was checked by using the same approach as an example 1 that the silicon 
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thin film of p mold or n mold can be formed. Furthermore, by repeating and applying the 
formation approach of the above silicon thin films, the multilayer silicon thin film was formed and 
the solar battery shown in drawing 5 was produced. In drawing 5 , the molybdenum electrode 32 
is formed on the stainless steel substrate 31. On this molybdenum electrode 32, sequential 
formation of p mold amorphous silicon layer 33 with a thickness of 0.1 micrometers, i mold 
amorphous silicon layer 34 with a thickness of 0.4 micrometers, and the p mold amorphous 
silicon layer 35 with a thickness of 0.1 micrometers is carried out. Furthermore, on p mold 
amorphous silicon layer 35, sequential formation of the ITO electrode 36 and the aluminum 
electrode 37 is carried out. 

[0057] As a result of measuring photoelectromotive force and searching for conversion 
efficiency about the obtained solar battery, it is 8.3% and it was checked that the conversion 
efficiency which is equal compared with the conventional amorphous-silicon solar cell is 
acquired. 

[0058] The annular polysilane expressed with n (n is 3 or 4) as a compound used as the source 
of example 4 silicon CSi2 (t-Bu)) was used. At a room temperature, this annular polysilane is a 
solid-state and is dissolved in organic solvents, such as toluene. 

[0059] The solution which dissolved this annular polysilane in toluene was applied on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, toluene was evaporated, the pyrolysis of the annular polysilane was 
carried out at 430 more degrees C, and silicon was separated. Consequently, it was checked that 
the thin film of polycrystalline silicon is formed on a substrate. 

[0060] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
latm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 350 degrees C, it was checked that the thin film of an amorphous 
silicon can be formed. 

[0061] Moreover, it was checked by using the same approach as an example 1 that the silicon 
thin film of p mold or n mold can be formed. Furthermore, by repeating and applying the 
formation approach of the above silicon thin films, the multilayer silicon thin film was formed and 
the solar battery shown in drawing 6 was produced. It sets to drawing 6 and is Si02 on the 
alumina substrate 41. The film 42 and Si3 N4 The laminating of the film 43 is carried out one by 
one. This Si3 N4 On the film 43, p mold polycrystalline silicon layer 44 of boron addition with a 
thickness of 10 micrometers is formed, n mold diffusion layer 45 is formed by performing Lynn 
diffusion in this p mold polycrystalline silicon layer 44. The ITO electrode 46 is formed on this n 
mold diffusion layer 45. Furthermore, the aluminum electrode 47 is formed on p mold 
polycrystalline silicon layer 44 exposed after mesa etching. The solar-battery property was 
observed also in this component. 

[0062] The single dimension chain poly germane (molecular weight 3000 [ about ]) or annular poly 
germane who becomes a source of example 5 germanium and to whom it is expressed with - 
(GeEt2) n- as a compound was used. At a room temperature, these compounds are solid-states 
and dissolve in organic solvents, such as a xylene. 

[0063] The solution which dissolved these poly germane in the xylene was applied on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the xylene was evaporated, the pyrolysis of the poly germane was 
carried out at 550 more degrees C, and germanium was separated. Consequently, it was checked 
that the thin film of polycrystal germanium is formed on a substrate. 

[0064] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
latm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 200 degrees C, it was checked that the thin film of amorphous 
germanium can be formed. 

[0065] The single dimension chain poly germane (molecular weight 1000 [ about ]) or annular poly 
germane who becomes a source of germanium and to whom it is expressed with -(GeH2) n- as a 
compound was used using the single dimension chain polysilane (molecular weight 1000 [ about ]) 
or annular polysilane used as the source of example 6 silicon expressed with -(SiH2) n- as a 
compound. At a room temperature, these compounds are solid-states and dissolve in organic 
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solvents, such as a xylene. 

[0066] The solution which dissolved these polysilane and the poly germane in the xylene 
independently, respectively was applied at a mixed predetermined rate on a silicon substrate, a 
quartz substrate, a glass substrate, or the stainless steel foil. These substrates are put into a 
hydrogen furnace, the xylene was evaporated, the pyrolysis of polysilane and the poly germane 
was carried out at 650 more degrees C, and silicon and germanium were separated. 
Consequently, it was checked that the thin film of the polycrystalline silicon-germanium 
corresponding to a raw material mole ratio is mostly formed on a substrate. 
[0067] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
1atm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 350 degrees C, it was checked that the thin film of amorphous 
silicon-germanium can be formed. 

[0068] As a result of carrying out the laminating of Si thin film and the SiGe mixing thin film 
combining the above approaches, adding a donor and an acceptor in each layer and forming np 
junction, it became clear that a solar-battery property is shown. 

[0069] It is P(SiMe3) 3 as a compound used as the single dimension chain polysilane (molecular 
weight 1 2000 [ about ]) expressed with -(SIHPh) n— as a compound used as the source of 
example 7 silicon, and the source of n mold impurity. It used. After carrying out the spin coat of 
the toluene solution of the mixture of these compounds on a quartz substrate, the vacuum 
drying was carried out at 70 degrees C for 1 hour. Subsequently, to the bottom of the mixed air 
current of an argon and hydrogen, it heated at 700 degrees C by 300 degrees C for 1 hour for 1 
hour, and the pyrolysis of the raw material was carried out. Consequently, the silicon thin film 
with which Lynn was doped was formed. 

[0070] Si5 CI12 which is one sort of the compound called par chlorosilicane as a halogenide used 
as the source of example 8 silicon was used. The melting point is 345 degrees C and this 
compound dissolves in organic solvents, such as the petroleum ether. 

[0071] The solution which dissolved this Si5 Cli2 in the petroleum ether was applied oh a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the petroleum ether was evaporated, the pyrolysis of Si5 CM 2 was 
carried out at 450 more degrees C, and silicon was separated. Consequently, it was checked that 
the thin film of an amorphous silicon is formed on a substrate. Moreover, it was checked by 
raising heating temperature that the thin film of polycrystalline silicon can be formed. 
[0072] Next, after the same spreading process as the above, as a result of carrying out the 
process which separates silicon by the pyrolysis in the hydrogen ambient atmosphere containing 
diboron hexahydride, it was checked that a p-type silicon thin film can be formed. Moreover, 
after the same spreading process as the above, as a result of carrying out the process which 
separates silicon by the pyrolysis in the hydrogen ambient atmosphere containing an arsine, it 
was checked that n mold silicon thin film can be formed. In addition, a phosphine may be used 
instead of an arsine. 

[0073] Furthermore, the solar battery shown in drawing 4 using the formation approach of the 
above silicon thin films was produced. As a result of measuring photoelectromotive force and 
searching for conversion efficiency about the obtained solar battery, it is 8.5% and it was 
checked that the conversion efficiency which is equal compared with the conventional 
amorphous-silicon solar cell is acquired. 

[0074] Si6 CI14 was used as a halogenide used as the source of example 9 silicon. The melting 
point is 320 degrees C and this compound dissolves in organic solvents, such as the petroleum 
ether. 

[0075] The solution which dissolved this Si6 CM 4 in the petroleum ether was applied on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the petroleum ether was evaporated, the pyrolysis of Si6 C1 14 was 
carried out at 440 more degrees C, and silicon was separated. Consequently, it was checked that 
the thin film of an amorphous silicon is formed on a substrate. Moreover, it was checked by 
raising heating temperature that the thin film of polycrystalline silicon can be formed, 
[0076] Moreover, it was checked by using the same approach as an example 8 that the silicon 
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thin film of p mold or n mold can be formed. Furthermore, as a result of repeating these 
approaches, carrying out the laminating of n mold silicon thin film and the p-type silicon thin film 
and forming np junction, it was checked that a photoelectromotive-force property is shown. 
[0077] Same Si5 CI12 as having used in the example 8 as a halogenide used as the source of 
example 10 silicon was used. This Si5 CI12 was applied by mechanical actuation at the 
temperature near the melting point on a silicon substrate, a quartz substrate, a glass substrate, 
or the stainless steel foil. These substrates are put into a hydrogen furnace, the petroleum ether 
was evaporated, the pyrolysis of Si5 CM 2 was carried out at 450 more degrees C, and silicon 
was separated. Consequently, it was checked that the thin film of an amorphous silicon is formed 
on a substrate. Moreover, it was checked by raising heating temperature that the thin film of 
polycrystalline silicon can be formed. 

[0078] Moreover, it was checked by using the same approach as an example 8 that the silicon 
thin film of p mold or n mold can be formed. Furthermore, by repeating and applying the 
formation approach of the above silicon thin films, the multilayer silicon thin film was formed and 
the solar battery shown in drawing 5 was produced. As a result of measuring photoelectromotive 
force and searching for conversion efficiency about the obtained solar battery, it is 14% and it 
was checked that the conversion efficiency which is equal compared with the conventional 
amorphous-silicon solar cell is acquired. 

[0079] Same Si6 C1 14 as having used in the example 9 as a halogenide used as the source of 
example 11 silicon was used. This Si6 CM 4 was applied by mechanical actuation at the 
temperature near the melting point on a silicon substrate, a quartz substrate, a glass substrate, 
or the stainless steel foil. These substrates are put into a hydrogen furnace, the petroleum ether 
was evaporated, the pyrolysis of Si6 CM 4 was carried out at 440 more degrees C, and silicon 
was separated. Consequently, it was checked that the thin film of an amorphous silicon is formed 
on a substrate. Moreover, it was checked by raising heating temperature that the thin film of 
polycrystalline silicon can be formed. 

[0080] Moreover, it was checked by using the same approach as an example 8 that the silicon 
thin film of p mold or n mold can be formed. Furthermore, by repeating and applying the 
formation approach of the above silicon thin films, the multilayer silicon thin film was formed and 
the solar battery shown in drawing 6 was produced. The solar-battery property was observed 
also in this component. 

[0081] germaniums CM 2 was used as a halogenide used as the source of example 12 germanium. 
This compound dissolves in organic solvents, such as the petroleum ether. The solution which 
dissolved this germaniumS CM 2 in the petroleum ether was applied on a silicon substrate, a 
quartz substrate, a glass substrate, or the stainless steel foil. These substrates are put into a 
hydrogen furnace, the petroleum ether was evaporated, the pyrolysis of germaniumS C1 12 was 
carried out at 400 more degrees C, and germanium was separated. Consequently, it was checked 
that the thin film of polycrystal germanium is formed on a substrate. Moreover, when UV 
irradiation was added and pyrolysis temperature was lowered, it was checked that the thin film of 
amorphous germanium can be formed. 

[0082] SiS Brl2 was used as a halogenide used as the source of example 13 silicon. This SiS 
Br12 was applied by mechanical actuation at the temperature near the melting point on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the petroleum ether was evaporated, the pyrolysis of SiS Br12 was 
carried out at 440 more degrees C, and silicon was separated. Consequently, it was checked that 
the thin film of an amorphous silicon is formed on a substrate. Moreover, it was checked by 
raising heating temperature that the thin film of polycrystalline silicon can be formed. 
[0083] Moreover, it was checked by using the same approach as an example 8 that the silicon 
thin film of p mold or n mold can be formed. Furthermore, by repeating and applying the 
formation approach of the above silicon thin films, the multilayer silicon thin film was formed and 
the solar battery shown in drawin g 6 was produced. The solar-battery property was observed 
also in this component. 

[0084] The solution which dissolved in the xylene the silane system compound shown with the 
following chemical formula as a source of example 14 silicon was applied on a silicon substrate, a 
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quartz substrate, a glass substrate, or the stainless steel foil. These substrates are put into a 
hydrogen furnace, the xylene was evaporated, the pyrolysis of the silane system compound was 
carried out at 650 more degrees C, and silicon was separated. Consequently, it was checked that 
the thin film of polycrystalline silicon is formed on a substrate. 
[0085] 

[Formula 15] 

(t-Bu)3 

Si 
I 

(t ^Bu>8-Si-Si fJ^si— Si— (t-Bu)3 

I 

Si 
I 

( t -Bu)3 

[0086] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
latm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 350 degrees C, it was checked that the thin film of an amorphous 
silicon can be formed. 

[0087] Next, after the same spreading process as the above, as a result of carrying out the 
process which separates silicon by the pyrolysis in the hydrogen ambient atmosphere containing 
diboron hexahydride, it was checked that a p-type silicon thin film can be formed. Moreover, 
after the same spreading process as the above, as a result of carrying out the process which 
separates silicon by the pyrolysis in the hydrogen ambient atmosphere containing an arsine, it 
was checked that n mold silicon thin film can be formed. In addition, a phosphine may be used 
instead of an arsine. 

[0088] Furthermore, the solar battery shown in drawing 4 using the formation approach of the 
above silicon thin films was produced. As a result of measuring photoelectromotive force and 
searching for conversion efficiency about the obtained solar battery, it is 8.5% and it was 
checked that the conversion efficiency which is equal compared with the conventional 
amorphous-silicon solar cell is acquired. 

[0089] Similarly, the solar battery shown in drawing 5 was produced. As a result of measuring 
photoelectromotive force and searching for conversion efficiency about the obtained solar 
battery, it is 8.3% and it was checked that the conversion efficiency which is equal compared 
with the conventional amorphous-silicon solar cell is acquired. 

[0090] Similarly, the solar battery shown in drawing 6 was produced. The solar-battery property 
was observed also in this component. 

It is P(SiMe3) 3 as the silylene system compound shown with the following chemical formula as a 
compound used as the source of example 15 silicon, and a compound used as the source of n 
mold impurity. It used. After carrying out the spin coat of the toluene solution of the mixture of 
these compounds on a quartz substrate, the vacuum drying was carried out at 70 degrees C for 
1 hour. Subsequently, to the bottom of the mixed air current of an argon and hydrogen, it heated 
at 600 degrees C by 300 degrees C for 1 hour for 1 hour, and the pyrolysis of the raw material 
was carried out. Consequently, the silicon thin film with which Lynn was doped was formed. 
[0091] 

[Formula 16] 
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[0092] It is P(SiMe3) 3 as the OKUTASHIRA cubane compound which has the trimethylsilyl 
radical (TMS) shown with the following chemical formula as a compound used as the source of 
example 16 silicon, and a compound used as the source of n mold impurity. It used. After 
carrying out the spin coat of the toluene solution of the mixture of these compounds on a quartz 
substrate, the vacuum drying was carried out at 70 degrees C for 1 hour. Subsequently, to the 
bottom of the mixed air current of an argon and hydrogen, it heated at 600 degrees C by 300 
degrees C for 1 hour for 1 hour, and the pyrolysis of the raw material was carried out. 
Consequently, the silicon thin film with which Lynn was doped was formed. 
[0093] 

[Formula 17] 

TMS TMS 
V / 
SI 

TMS 



TMS 




[0094] 

[Effect of the Invention] If the approach of this invention is used as explained in full detail above, 
by adopting two processes of spreading and the pyrolysis of the solution of a semi-conductor 
raw material, the semi-conductor thin film which consists of the silicon or germanium of a large 
area can be formed easily, and the solar battery of a large area can be further manufactured 
using this approach. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



TECHNICAL FIELD 

[Field of the Invention] This invention relates to the manufacture approach of a solar battery of 
having used the new semi-conductor thin film formation approach and this approach. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of tliis translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

PRIOR ART 

[Description of the Prior Art] Conventionally, as an approach of forming the semi-conductor thin 
film which consists of the silicon or germanium which is IV group element, vapor growth, such as 
vacuum deposition, a spatter, the ion plating method, and a CVD method, is used. However, in 
order that each of these approaches might use a reduced pressure environment, a hydrogen 
furnace environment, etc. at the time of membrane formation, it was indispensable to have used 
an airtight high reaction container, and they was difficult to form a uniform semi-conductor thin 
film on the substrate of a large area. For this reason, there was a limitation in manufacturing 
what has a single or more large figures area by the conventional ratio with the application 
product which has a semi-conductor thin film, for example, a solar battery. 

[0003] Then, it considers using the wet applying method as one of the approaches of forming the 
semi-conductor thin film of a large area. For example, the approach of forming a silicon thin film 
is indicated by JP,4-1 1 9996,A by applying compounds, such as OKUTASHIRA cubane, as a 
source of silicon on a substrate, and pyrolyzing this source compound of silicon. This approach 
does not need a large-scale and expensive manufacturing facility like a vacuum chamber, but it 
is thought that it is advantageous to forming a silicon thin film easily on the substrate of a large 
area. 

[0004] However, to oxygen, compounds, such as OKUTASHIRA cubane indicated by this official 
report, have many unstable things, in air, oxidize easily and denaturalize. Moreover, these 
compounds have that the solubility to a solvent is [ much ] low, and are difficult to form a 
uniform thin film. 

[0005] Furthermore, if the application to a solar battery etc. is taken into consideration, it is 
necessary to form the silicon thin film which doped the impurity of p mold or n mold. However, 
conventionally, since the impurity was doped by thermal diffusion or the ion implantation after 
forming a silicon thin film by the pyrolysis, large-scale equipment was needed and complication 
of a process had been caused. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

EFFECT OF THE INVENTION 

[Effect of the Invention] If the approach of this invention is used as explained in full detail above, 
by adopting two processes of spreading and the pyrolysis of the solution of a semi-conductor 
raw material, the semi-conductor thin film which consists of the silicon or germanium of a large 
area can be formed easily, and the solar battery of a large area can be further manufactured 
using this approach. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by connputer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

TECHNICAL PROBLEM 



[Problem(s) to be Solved by the Invention] The purpose of this invention is to offer the approach 
of forming easily the semi-conductor thin film which consists of the silicon or germanium of a 
large area, and the method of manufacturing the solar battery of a large area using this 
approach. 



[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 
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precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



MEANS 

[Means for Solving the Problem] General formula (I) After the semi-conductor thin film formation 
approach of this invention applies the solution of a semi-conductor raw material on a substrate, 
it is the approach of pyrolyzing, separating a semi-conductor and forming a semi-conductor thin 
film, and said semi-conductor raw material reaches (11). 
[0008] 
[Formula 6] 

t 

-^M^ (I) 
1, 



I 



(tl) 



( — M is chosen from the group which consists of silicon and germanium among a formula, and 
Rl is independently chosen from the group which consists of hydrogen, a with a carbon numbers 
of two or more in which at least beta has hydrogen alkyi group and a phenyl group, and a silyl 
radical, respectively. ) — the compound and general formula (III) which are expressed — and (IV) 



[0009] 
[Formula 7] 



(III) 



(IV) 



( — M is chosen from the group vyhich consists of silicon and germanium among a formula, and X 
is [ four or more integers and a of a halogen atom and n ] 1 or 2.) — the compound and general 
formula (V) which are expressed 
[0010] 
[Formula 8] 
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Si 



R2 — ^Si — Si 



Si— Si^ R2 (V) 



R2 Si ^RZ 

I 

Si 

R2 

(R2 is independently chosen from the group which consists of the permutation expressed with 
the following type or an unsubstituted alkyi group, an aryl group, and an aralkyi radical among a 
formula, respectively.) 
[0011] 
[Formula 9] 
R3 

the inside of a formula, and R3 — respectively — independent — the permutation of a hydrogen 
atom and carbon numbers 1-15, or an unsubstituted alkyI group — It is chosen from the group 
which consists of the permutation or unsubstituted aralkyi radical of the permutation of carbon 
numbers 6-15 or an unsubstituted aryl group, and carbon numbers 7-15. R4 It is chosen from 
the group which consists of the permutation or unsubstituted aralkyi radical of the permutation 
of the permutation of carbon numbers 1-15 or an unsubstituted alkyI group, and carbon numbers 
6-15 or an unsubstituted aryl group, and carbon numbers 7-15. The compound expressed and a 
general formula (VI) 
[0012] 

[Formula 10] 

R5 

I 



\ 
Si : 

I 

R5 



( — R5 is independently chosen from the group which consists of a permutation or an 
unsubstituted silyl radical with the permutation of carbon numbers 1-15 or an unsubstituted alkyI 
group, an aryl group, an aralkyi radical, and 1-5 silicon among a formula, respectively.) — it is 
chosen from the group which consists of a compound expressed. 

[0013] After the formation approach of a semi-conductor thin film in this invention of having a 
predetermined conductivity type adds the source of a dopant which gives the conductivity type 
of p mold or n mold to the solution of the semi-conductor raw material chosen from the group 
which consists of a compound expressed with said general formula (I) - (VI) and applies it on a 
substrate, it separates the semi-conductor which pyrolyzes and contains the impurity of a 
predetermined conductivity type. 

[0014] Other formation approaches of a semi-conductor thin film in this invention of having a 
predetermined conductivity type separate the semi-conductor which pyrolyzes in the ambient 
atmosphere containing the source of a dopant which gives the conductivity type of p mold or n 
mold, and contains the impurity of a predetermined conductivity type, after applying on a 
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substrate the solution of the semi-conductor raw material chosen from the group which consists 
of a compound expressed with said general formula (I) - (VI). 

[0015] In the manufacture approach of the solar battery of this invention manufacturing the solar 
battery which prepared the semi-conductor thin film which has one of conductivity types among 
i mold, p mold, and n mold more than two-layer in inter-electrode [ one pair of ], and formed 
semi-conductor junction in it In forming the semi-conductor thin film of i mold, after applying on 
a substrate the solution of the semi-conductor raw material chosen from the group which 
consists of a compound expressed with said general formula (I) - (VI), In adopting the process 
which it pyrolyzes [ process ] and separates a semi-conductor and forming the semi-conductor 
thin film of p mold or n mold Said general formula (I) [ whether it pyrolyzes, after adding the 
source of a dopant which gives a predetermined conductivity type to the solution of the semi- 
conductor raw material chosen from the group which consists of a compound expressed with - 
(VI) and applying on a substrate, and ] Or by pyrolyzing in the ambient atmosphere containing the 
source of a dopant which gives a predetermined conductivity type after applying on a substrate 
the solution of the semi-conductor raw material chosen from the group which consists of a 
compound expressed with said general formula (I) - (VI) The process which separates the semi- 
conductor containing the impurity which gives a predetermined conductivity type is adopted, 
these processes are repeated, and the semi-conductor thin film more than two-layer is formed. 
[0016] 

[Embodiment of the Invention] Hereafter, this invention is further explained to a detail. In this 
invention, the ingredient of the arbitration chosen from semi-conductors, such as silicon, glass, 
the glass that has a transparent electrode, a metal, the ceramics, a thermally stable polymer, 
etc. as a substrate ingredient can be used. 

[0017] The compound used as the semi-conductor raw material used in this invention is 
explained. The compound expressed with a general formula (I) or (II) is the silane system which 
makes a single dimension chain or cyclic structure, or a germane system compound. A copolymer 
is sufficient as these compounds and they may be used as mixture. In this invention, it is a solid- 
state at a room temperature, and a meltable compound is used for an organic solvent. In order to 
fulfill such conditions, it is desirable that polymerization degree n is 10000 or less [ 3 or more ] in 
the polymer which has for example, single dimension chain structure, and it is more desirable to 
a pan that it is 5-30. 

[0018] The example of a compound expressed with a general formula (I) or (II) is shown below. In 
addition, although only the polysilane of a single dimension chain is shown below, annular 
polysilane is sufficient and, of course, the poly germane who transposed silicon to germanium is 
sufficient. 
[0019] 

[Formula 11] 
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CHs 

CH2 

-t-S i-)- 
I 

H 



CHs 
CHz 

1 

CHz 

I 

CHa 



H,C 



CH., 




CH. 




CH3 
H3C-C-CH3 

I 

H 



CH3 
H3C-C-CH3 

-e-s 
I 

HoC-C-CHs 
I 

CHs 



CH3 
<CH2)5 

I 

H 



CH3 
CCH2)5 

I 

CCH2)5 

CHa 




-^S i- 
I 

H 






CH3 

C 





c- 

CH3 



[0020] 

[Formula 12] 



http://www4.ipdl.jpo.go.jp/ cgi-bin/tran_web_cgi_eije 



2004/07/26 



5/8 ^— 






H 



CHs 



CHg 



-f-s i-i- 



H 



CH3 



CH3 



CH3 

HoC-S i -CH 



HgC-S I -CH 



3 



3 



-es 



H 



H3C-S i -CH3 
CH3 



[0021] The compound expressed with a general formula (III) or (IV) is a halogenide of silicon 
or/and germanium. In order to fulfill the conditions of being meltable, to an organic solvent, as for 
these halogenides, it is desirable that weight average molecular weight is 500-100,000. Since it 
volatilizes from a substrate before a pyrolysis will happen, if molecular weight is small, the good 
film is hard to be formed. If molecular weight is the above-mentioned range, the vapor pressure 
in pyrolysis temperature is comparatively low, and the volatilization from a substrate can be 
disregarded. If molecular weight is too large, the solubility over a solvent will fall and spreading to 
a substrate will become difficult. 

[0022] It is a solid-state at a room temperature, and the silane system compound expressed 
with a general formula (V) is meltable to an organic solvent, and its stability over oxidation is 
high. It is a solid-state at a room temperature, and the silylene compound expressed with a 
general formula (VI) is meltable to an organic solvent, and its stability over oxidation is high. 
[0023] Since the compound expressed with general formula (I) - (VI) used in this invention is 
meltable to an organic solvent, it is applied on the substrate which has the flat surface or curved 
surface of a large area by the method of applying arbitration, such as dipping, spin coating, and 
spray coating, and can form a uniform paint film. As for the thickness of a paint film, it is 
desirable that it is dozens of nm. The instrument used at this spreading process can be chosen 
as arbitration according to the magnitude of a substrate. Moreover, if atmospheric mixing can be 
prevented about a coater, it is enough and a large-scale airtight high decompression device like 
[ in the case of vapor growth ] is unnecessary. 

[0024] In this invention, after heating the paint film of the compound applied on the substrate 
before and behind the melting point in reducing atmospheres, such as a predetermined ambient 
atmosphere, for example, an inert gas ambient atmosphere, or hydrogen, and evaporating a 
solvent, by making a pyrolysis reaction cause, silicon or/and germanium are separated and a 
semi-conductor thin film is formed. The pressure of an ambient atmosphere is good before and 
behind ordinary pressure (one atmospheric pressure). Moreover, as for a resultant, removing with 
exhaust air is desirable. Especially a heating means may not be limited, but may use a common 
electric furnace, may irradiate infrared radiation like the rapid thermal annealing method, and may 
perform laser annealing. Concrete pyrolysis temperature changes with compounds. For example, 
in the case of the compound expressed with a general formula (I) and (II), it is desirable to carry 
out a pyrolysis at 200-700 degrees C and further 300-650 degrees C. In the case of the 
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compound expressed with a general formula (III) and (IV), a pyrolysis happens in about 250 
degrees C - about 1300 degrees C, but it is desirable to carry out a pyrolysis at 300-500 
degrees C. In the case of the compound expressed with a general formula (V) and (VI), it is 
desirable to carry out a pyrolysis at 300-700 degrees C. A programming rate is set as 5 degrees 
C / min extent. Reaction time is enough in 10 minutes - 10 hours. However, a temperature up 
may not be carried out depending on the case, but the pyrolysis in constant temperature may be 
performed. 

[0025] By this pyrolysis reaction, the elimination reaction of the substituent introduced into the 
side chain of a semi-conductor raw material occurs. For example, a beta elimination reaction 
occurs with the compound which has a with a carbon numbers of two or more in which at least 
beta has hydrogen alkyi group, and radical desorption happens with the compound which has a 
phenyl group. Silicon or the polycrystal thin film of germanium can be formed by such pyrolysis 
reaction. Moreover, decomposition by UV irradiation is used together, and if pyrolysis 
temperature is reduced, an amorphous thin film can be formed. In addition, these thin films 
contain some hydrogen in addition to IV group element. 

[0026] The mixed semi-conductor thin film of silicon and germanium can also be formed by 
applying and carrying out the pyrolysis of the solution of the mixture of a silane system 
compound and a germane system compound, or the solution of the copolymer which has the 
repeat unit of a silane, and germane's repeat unit In addition, for controlling a presentation with 
silicon and germanium, the former approach is more desirable. 

[0027] The equipment for enforcing the approach of above this inventions is typically shown in 
drawing 1 - drawing 3 . As shown in drawing 1 (a), in order to put in a substrate 1 in the coater 3 
equipped with the nozzle 4 and to prevent atmospheric— air mixing into a coater 3, after 
considering as nitrogen-gas-atmosphere mind, the solution of a semi-conductor raw material is 
sprayed from a nozzle 4, and it applies on a substrate 1. In this case, the amount of the solution 
applied on a substrate 1 is controllable by setting up nozzle dimensions and spraying time 
amount suitably. Next, as shown in drawing 1 (b), the substrate 1 with which the solution of a 
semi-conductor raw material was applied is put into the hydrogen furnace 5, a substrate 1 is 
heated at a heater 6 in the reducibility gas ambient atmosphere which makes hydrogen a subject, 
the pyrolysis of the semi-conductor raw material is carried out, and the semi-conductor thin film 
2 is formed on a substrate 1. In addition, an infrared heater, a resistance heating heater, etc. can 
be used as a heater 6. 

[0028] As shown in drawing 2 , a substrate 1 is put in in the hydrogen furnace 5, and the solution 
of a semi-conductor raw material can be directly sprayed from a nozzle 4 on a substrate 1, it 
can apply on a substrate 1, a substrate 1 can be heated at a heater 6, and a semi-conductor 
thin film can also be formed by pyrolyzing a semi-conductor raw material. 

[0029] Moreover, drawing 3 shows the equipment for manufacturing a semi-conductor thin film 
continuously using a flexible substrate. The flexible substrate 1 is supplied from a supply roll 11, 
and it is immersed in the semi-conductor raw material solution 8 in the raw material container 7. 
A substrate 1 is sent to the hydrogen furnace 5 with the delivery rolls 12 and 12. It is heated at 
a heater 6 in the hydrogen furnace 5, the pyrolysis of a semi-conductor raw material is 
performed, and a semi-conductor thin film is formed on a substrate 1. Then, a substrate 1 is 
rolled round and rolled round by the roll 13. Thus, a semi-conductor thin film can be continuously 
formed on a flexible substrate. 

[0030] In this invention, the semi-conductor thin film of a predetermined conductivity type can 
also be formed by using the source of a dopant which gives the conductivity type of p mold or n 
mold. The two following approaches can be used as the approach. Namely, after adding the 
source of a dopant which gives the conductivity type of p mold or n mold to the solution of the 
semi-conductor raw material chosen from the group which consists of a compound expressed 
with (1) general-formula (I) - (VI) and applying on a substrate. How to separate the semi- 
conductor which pyrolyzes and contains the impurity of a predetermined conductivity type. And 
after applying on a substrate the solution of the semi-conductor raw material chosen from the 
group which consists of a compound expressed with (2) general-formula (I) - (VI), It is the 
approach of separating the semi-conductor which pyrolyzes in the ambient atmosphere 
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containing the source of a dopant which gives the conductivity type of p mold or n mold, and 
contains the impurity of a predetermined conductivity type. The equipment and the reaction 
condition for enforcing these approaches are the same with having indicated previously, and 
good. 

[0031] In these approaches, generally, boron (B) is used as a p mold impurity, and Lynn (P), an 
arsenic (As), and antimony (Sb) are used as an n mold impurity. By the approach of (1), the 
alkylation object of an impurity element or the compound which has association with an impurity 
element and Si in intramolecular is used as a source of a dopant. By the approach of (2), the 
alkylation object of an impurity element, the compound which has association with an impurity 
element and Si in intramolecular, or the hydride of an impurity element is used as a source of a 
dopant. Although the addition of the source of a dopant to a semi-conductor raw material is 
based on high impurity concentration required for the semi-conductor thin film which should be 
formed, generally it is desirable that the atomic number of an impurity element to all the silicon 
atomic numbers in a raw material is 0,1 - 10%. 

[0032] as the alkylation object of p mold impurity — BPh3, BMePh2, and B(t-Bu) 3 etc. — it is 
mentioned. As a compound which has association with p mold impurity and Si, B(SiMe3) 3, PhB 
(SiMe3)2, CI2 B (SiMe3), etc. are mentioned. Diboron hexahydride etc. is mentioned as a hydride 
of p mold impurity. 

[0033] as the alkylation object of n mold impurity — PPh3, PMePh2, P(t-Bu) 3, AsPh3, 
AsMePh2, As (t-Bu)3, SbPh3, SbMePh2, and Sb (t-Bu)3 etc. — it is mentioned. As a compound 
which has association with n mold impurity and Si P(SiMe3) 3, PhP (SiMe3)2, CI2 P (SiMe3), As 
(SiMe3)3, PhAs (SiMe3)2, CI2 As(SiMe3) Sb (SiMe3)3, PhSb (SiMe3)2, CI2 Sb (SiMeS), etc. are 
mentioned. A phosphine, an arsine, etc. are mentioned as a hydride of n mold impurity. 
[0034] When the compound which has the compound or P(As or Sb)-Si association which has 
especially B-Si association among the above-mentioned sources of a dopant is used, the amount 
of C incorporated in the semi-conductor thin film formed into these compounds since there is 
little association with an impurity and C can be controlled, and the electrical characteristics of a 
semi-conductor thin film can be improved. 

[0035] In addition, when using the compound which has the compound or P(As or Sb)-Si 
association which has B-Si association as a source of a dopant, the OKUTASHIRA cubane 
expressed with the following general formula can also be used as a compound used as the 
source of silicon. 
[0036] 

[Formula 13] 

\ y 

Si- Si 



Substituent R6 A thing as shown below as an example is mentioned. 
[0037] 

[Formula 14] 
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[0038] Since the OKUTASHIRA cubane which has especially a trimethylsilyl radical (Me3 Si-) 
among these substituents has the good solubility over an organic solvent, it is desirable. 
Furthermore, the solar battery of a large area can be manufactured using the formation approach 
of a semi-conductor thin film which was mentioned above in this invention. That is, since a solar 
battery has the structure which prepared the semi-conductor thin film which has one of 
conductivity types among i mold, p mold, and n mold more than two-layer in inter-electrode 
[ one pair of], and formed semi-conductor junction, semi-conductor junction of p-n, pin, i-p, i-n, 
etc. is realizable by repeating the approach mentioned above and forming the semi-conductor 
thin film more than two-layer. 

[0039] When manufacturing a solar battery by the approach of this invention, by connecting the 
two or more sets combination of a hydrogen furnace with a raw material container as shown in 
drawing 3 , the laminating membrane formation of the multilayer semi-conductor thin film can be 
carried out in the consistent continuous process, and it is advantageous to manufacture of the 
solar battery of a large area. 

[0040] As mentioned above, since the solution of a semi-conductor raw material is first applied 
in this invention and a semi-conductor is separated by the pyrolysis after that, even if a 
substrate is a large area, a uniform semi-conductor thin film can be formed, and the solar 
battery of a large area can be manufactured using still such an approach. 

[0041] In addition, although the approach of this invention was developed by the key objective in 
manufacture of a solar battery, it is clear that it is effective also in manufacture of the 
amorphous silicon TFT of a large area. Moreover, the approach of this invention can also expect 
the application to other fields it can apply also to a substrate with a curved surface. 

[Translation done.] 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

EXAMPLE 



[Example] Hereafter, the example of this invention is explained. 

Dichlorosilane was dissolved into the example 1 tetrahydrofuran, the single dimension chain 
polysilane which adds a metal lithium, is made to carry out a polymerization on predetermined 
polymerization conditions, and is expressed with -(SiH2) n- was compounded, and it was made 
to deposit as a solid-state, n of the obtained single dimension chain polysilane was the mixture 
of the polysilane of 5-15. At a room temperature, this polysilane is a solid-state and is dissolved 
in organic solvents, such as a xylene. 

[0043] The solution which dissolved this polysilane in the xylene was applied on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the xylene was evaporated, the pyrolysis of the polysilane was 
carried out at 650 more degrees C, and silicon was separated. Consequently, it was checked that 
the thin film of polycrystalline silicon is formed on a substrate. 

[0044] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
latm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 350 degrees C, it was checked that the thin film of an amorphous 
silicon can be formed. 

[0045] Next, after the same spreading process as the above, as a result of carrying out the 
process which separates silicon by the pyrolysis in the hydrogen ambient atmosphere containing 
diboron hexahydride, it was checked that a p-type silicon thin film can be formed. Moreover, 
after the same spreading process as the above, as a result of carrying out the process which 
separates silicon by the pyrolysis in the hydrogen ambient atmosphere containing an arsine, it 
was checked that n mold silicon thin film can be formed. In addition, a phosphine may be used 
instead of an arsine. 

[0046] Furthermore, the solar battery shown in drawing 4 using the formation approach of the 
above silicon thin films was produced. In drawing 4 , the transparent electrode 22 which consists 
of tin oxide (Sn02) or indium oxide tin (ITO) is formed on the glass substrate 21. On this 
transparent electrode 22, the laminating of p mold amorphous silicon layer 23 with a thickness of 
0.1 micrometers, the undoping (i mold) amorphous silicon layer 24 with a thickness of 0.5 
micrometers, and the n mold amorphous silicon layer 25 with a thickness of 0.1 micrometers is 
carried out one by one by repeating the process which applies and pyrolyzes a polysilane 
solution so that some transparent electrodes 22 may be exposed. Furthermore, on n mold 
amorphous silicon layer 25, the aluminum electrode 27 is formed on the transparent electrode 22 
which the aluminum electrode 26 exposed, respectively. 

[0047] As a result of measuring photoelectromotive force and searching for conversion 
efficiency about the obtained solar battery, it is 7.8% and it was checked that the conversion 
efficiency which is equal compared with the conventional amorphous-silicon solar cell is 
acquired. 

[0048] The toluene of 1L was added to the reaction container filled with example 2Ar, and 2.2 
mols of metals Na finely cut out in this were added. The solution which diluted the mixed liquor 
of one mol diethyl dichlorosilane and 0.05-mol triethyl chlorosilicane with the toluene of lOOmL 
(s) was dropped at the above-mentioned reaction container over 1 hour. Under the present 
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circumstances, the dropping rate was controlled so that reaction temperature did not exceed 
100 degrees C. It was made to react at 110 degrees C after dropping termination for further 2 
hours. Then, after processing an unreacted metal by ethanol, single dimension chain polysilane 
was settled in ethanol. This polysilane was expressed with -(SiEt2) n-, and molecular weight was 
about 3000. 

[0049] The solution which dissolved this polysilane in the xylene was applied on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the xylene was evaporated, the pyrolysis of the polysilane was 
carried out at 450 more degrees C. and silicon was separated. Consequently, it was checked that 
the thin film of polycrystalline silicon is formed on a substrate. 

[0050] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
latm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 350 degrees C, it was checked that the thin film of an amorphous 
silicon can be formed. 

[0051] Moreover, it was checked by using the same approach as an example 1 that the silicon 
thin film of p mold or n mold can be formed. Furthermore, as a result of repeating these 
approaches, carrying out the laminating of n mold silicon thin film and the p-type silicon thin film 
and forming np junction, it was checked that a photoelectromotive— force property is shown. 
[0052] in addition, the substituent R -CH (CH3)2, -C (CH3)3, and -C(CH3) Ph2 Or -C (CH3) 
(cyclopropyl)2 it is — the good result was obtained also when polysilane was used. 
[0053] The single dimension chain polysilane (molecular weight 5000 [ about ]) expressed with - 
(SiEtPh) n- as a compound used as the source of example 3 silicon was used. At a room 
temperature, this polysilane is a solid-state and is dissolved in organic solvents, such as a 
xylene. 

[0054] The solution which dissolved this polysilane in the xylene was applied on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the xylene was evaporated, the pyrolysis of the polysilane was 
carried out at 450 more degrees C, and silicon was separated. Consequently, it was checked that 
the thin film of polycrystalline silicon is formed on a substrate. 

[0055] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
latm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 370 degrees C, it was checked that the thin film of an amorphous 
silicon can be formed. 

[0056] Moreover, it was checked by using the same approach as an example 1 that the silicon 
thin film of p mold or n mold can be formed. Furthermore, by repeating and applying the 
formation approach of the above silicon thin films, the multilayer silicon thin film was formed and 
the solar battery shown in drawing 5 was produced. In drawing 5 , the molybdenum electrode 32 
is formed on the stainless steel substrate 31. On this molybdenum electrode 32, sequential 
formation of p mold amorphous silicon layer 33 with a thickness of 0.1 micrometers, i mold 
amorphous silicon layer 34 with a thickness of 0.4 micrometers, and the p mold amorphous 
silicon layer 35 with a thickness of 0.1 micrometers is carried out. Furthermore, on p mold 
amorphous silicon layer 35, sequential formation of the ITO electrode 36 and the aluminum 
electrode 37 is carried out. 

[0057] As a result of measuring photoelectromotive force and searching for conversion 
efficiency about the obtained solar battery, it is 8.3% and it was checked that the conversion 
efficiency which is equal compared with the conventional amorphous-silicon solar cell is 
acquired. 

[0058] The annular polysilane expressed with n (n is 3 or 4) as a compound used as the source 
of example 4 silicon (Si2 (t-Bu)) was used. At a room temperature, this annular polysilane is a 
solid-state and is dissolved in organic solvents, such as toluene. 

[0059] The solution which dissolved this annular polysilane in toluene was applied on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, toluene was evaporated, the pyrolysis of the annular polysilane was 
carried out at 430 more degrees C, and silicon was separated. Consequently, it was checked that 
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the thin film of polycrystalline silicon is formed on a substrate. 

[0060] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
1atm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 350 degrees C, it was checked that the thin film of an amorphous 
silicon can be formed. 

[0061] Moreover, it was checked by using the same approach as an example 1 that the silicon 
thin film of p mold or n mold can be formed. Furthermore, by repeating and applying the 
formation approach of the above silicon thin films, the multilayer silicon thin film was formed and 
the solar battery shown in drawing 6 was produced. It sets to drawing 6 and is Si02 on the 
alumina substrate 41. The film 42 and Si3 N4 The laminating of the film 43 is carried out one by 
one. This Si3 N4 On the film 43, p mold polycrystalline silicon layer 44 of boron addition with a 
thickness of 10 micrometers is formed, n mold diffusion layer 45 is formed by performing Lynn 
diffusion in this p mold polycrystalline silicon layer 44. The ITO electrode 46 is formed on this n 
mold diffusion layer 45. Furthermore, the aluminum electrode 47 is formed on p mold 
polycrystalline silicon layer 44 exposed after mesa etching. The solar-battery property was 
observed also in this component. 

[0062] The single dimension chain poly germane (molecular weight 3000 [ about ]) or annular poly 
germane who becomes a source of example 5 germanium and to whom it is expressed with - 
(GeEt2) n- as a compound was used. At a room temperature, these compounds are solid-states 
and dissolve in organic solvents, such as a xylene. 

[0063] The solution which dissolved these poly germane in the xylene was applied on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the xylene was evaporated, the pyrolysis of the poly germane was 
carried out at 550 more degrees C, and germanium was separated. Consequently, it was checked 
that the thin film of polycrystal germanium is formed on a substrate. 

[0064] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
latm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 200 degrees C, it was checked that the thin film of amorphous 
germanium can be formed. 

[0065] The single dimension chain poly germane (molecular weight 1000 [ about ]) or annular poly 
germane who becomes a source of germanium and to whom it is expressed with -(GeH2) n- as a 
compound was used using the single dimension chain polysilane (molecular weight 1000 [ about ]) 
or annular polysilane used as the source of example 6 silicon expressed with -(SiH2) n- as a 
compound. At a room temperature, these compounds are solid-states and dissolve in organic 
solvents, such as a xylene. 

[0066] The solution which dissolved these polysilane and the poly germane in the xylene 
independently, respectively was applied at a mixed predetermined rate on a silicon substrate, a 
quartz substrate, a glass substrate, or the stainless steel foil. These substrates are put into a 
hydrogen furnace, the xylene was evaporated, the pyrolysis of polysilane and the poly germane 
was carried out at 650 more degrees C, and silicon and germanium were separated. 
Consequently, it was checked that the thin film of the polycrystalline silicon-germanium 
corresponding to a raw material mole ratio is mostly formed on a substrate. 
[0067] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
latm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 350 degrees C, it was checked that the thin film of amorphous 
silicon-germanium can be formed. 

[0068] As a result of carrying out the laminating of Si thin film and the SiGe mixing thin film 
combining the above approaches, adding a donor and an acceptor in each layer and forming np 
junction, it became clear that a solar-battery property is shown. 

[0069] It is P(SiMe3) 3 as a compound used as the single dimension chain polysilane (molecular 
weight 12000 [ about ]) expressed with -(SiHPh) n- as a compound used as the source of 
example 7 silicon, and the source of n mold impurity. It used. After carrying out the spin coat of 
the toluene solution of the mixture of these compounds on a quartz substrate, the vacuum 
drying was carried out at 70 degrees C for 1 hour. Subsequently, to the bottom of the mixed air 
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current of an argon and hydrogen, it heated at 700 degrees C by 300 degrees C for 1 hour for 1 
hour, and the pyrolysis of the raw material was carried out. Consequently, the silicon thin film 
with which Lynn was doped was formed. 

[0070] Si5 CI12 which is one sort of the compound called par chlorosilicane as a halogenide used 
as the source of example 8 silicon was used. The melting point is 345 degrees C and this 
compound dissolves in organic solvents, such as the petroleum ether. 

[0071] The solution which dissolved this Si5 CI12 in the petroleum ether was applied on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the petroleum ether was evaporated, the pyrolysis of Si5 CI12 was 
carried out at 450 more degrees C, and silicon was separated. Consequently, it was checked that 
the thin film of an amorphous silicon is formed on a substrate. Moreover, it was checked by 
raising heating temperature that the thin film of polycrystalline silicon can be formed. 
[0072] Next, after the same spreading process as the above, as a result of carrying out the 
process which separates silicon by the pyrolysis in the hydrogen ambient atmosphere containing 
diboron hexahydride, it was checked that a p-type silicon thin film can be formed. Moreover, 
after the same spreading process as the above, as a result of carrying out the process which 
separates silicon by the pyrolysis in the hydrogen ambient atmosphere containing an arsine, it 
was checked that n mold silicon thin film can be formed. In addition, a phosphine may be used 
instead of an arsine. 

[0073] Furthermore, the solar battery shown in drawing 4 using the formation approach of the 
above silicon thin films was produced. As a result of measuring photoelectromotive force and 
searching for conversion efficiency about the obtained solar battery, it is 8.5% and it was 
checked that the conversion efficiency which is equal compared with the conventional 
amorphous-silicon solar cell is acquired. 

[0074] Si6 C1 14 was used as a halogenide used as the source of example 9 silicon. The melting 
point is 320 degrees C and this compound dissolves in organic solvents, such as the petroleum 
ether. 

[0075] The solution which dissolved this Si6 CI14 in the petroleum ether was applied on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the petroleum ether was evaporated, the pyrolysis of Si6 CM 4 was 
carried out at 440 more degrees C, and silicon was separated. Consequently, it was checked that 
the thin film of an amorphous silicon is formed on a substrate. Moreover, it was checked by 
raising heating temperature that the thin film of polycrystalline silicon can be formed. 
[0076] Moreover, it was checked by using the same approach as an example 8 that the silicon 
thin film of p mold or n mold can be formed. Furthermore, as a result of repeating these 
approaches, carrying out the laminating of n mold silicon thin film and the p-type silicon thin film 
and forming np junction, it was checked that a photoelectromotive-force property is shown. 
[0077] Same Si5 C1 12 as having used in the example 8 as a halogenide used as the source of 
example 10 silicon was used. This Si5 CM 2 was applied by mechanical actuation at the 
temperature near the melting point on a silicon substrate, a quartz substrate, a glass substrate, 
or the stainless steel foil. These substrates are put into a hydrogen furnace, the petroleum ether 
was evaporated, the pyrolysis of Si5 CM 2 was carried out at 450 more degrees C, and silicon 
was separated. Consequently, it was checked that the thin film of an amorphous silicon is formed 
on a substrate. Moreover, it was checked by raising heating temperature that the thin film of 
polycrystalline silicon can be formed. 

[0078] Moreover, it was checked by using the same approach as an example 8 that the silicon 
thin film of p mold or n mold can be formed. Furthermore, by repeating and applying the 
formation approach of the above silicon thin films, the multilayer silicon thin film was formed and 
the solar battery shown in drawing 5 was produced. As a result of measuring photoelectromotive 
force and searching for conversion efficiency about the obtained solar battery, it is 14% and it 
was checked that the conversion efficiency which is equal compared with the conventional 
amorphous-silicon solar cell is acquired. 

[0079] Same Si6 C1 14 as having used in the example 9 as a halogenide used as the source of 
example 1 1 silicon was used. This Si6 CM 4 was applied by mechanical actuation at the 
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temperature near the melting point on a silicon substrate, a quartz substrate, a glass substrate, 
or the stainless steel foil. These substrates are put into a hydrogen furnace, the petroleum ether 
was evaporated, the pyrolysis of Si6 CI14 was carried out at 440 more degrees C, and silicon 
was separated. Consequently, it was checked that the thin film of an amorphous silicon is formed 
on a substrate. Moreover, it was checked by raising heating temperature that the thin film of 
polycrystalline silicon can be formed. 

[0080] Moreover, it was checked by using the same approach as an example 8 that the silicon 
thin film of p mold or n mold can be formed. Furthermore, by repeating and applying the 
formation approach of the above silicon thin films, the multilayer silicon thin film was formed and 
the solar battery shown in drawing 6 was produced. The solar-battery property was observed 
also in this component. 

[0081] germaniums CI12 was used as a halogenide used as the source of example 12 germanium. 
This compound dissolves in organic solvents, such as the petroleum ether. The solution which 
dissolved this germaniumS C1 12 in the petroleum ether was applied on a silicon substrate, a 
quartz substrate, a glass substrate, or the stainless steel foil. These substrates are put into a 
hydrogen furnace, the petroleum ether was evaporated, the pyrolysis of germaniumS CM 2 was 
carried out at 400 more degrees C, and germanium was separated. Consequently, it was checked 
that the thin film of polycrystal germanium is formed on a substrate. Moreover, when UV 
irradiation was added and pyrolysis temperature was lowered, it was checked that the thin film of 
amorphous germanium can be formed. 

[0082] Si5 Br12 was used as a halogenide used as the source of example 13 silicon. This Si5 
Br12 was applied by mechanical actuation at the temperature near the melting point on a silicon 
substrate, a quartz substrate, a glass substrate, or the stainless steel foil. These substrates are 
put into a hydrogen furnace, the petroleum ether was evaporated, the pyrolysis of Si5 Br12 was 
carried out at 440 more degrees C, and silicon was separated. Consequently, it was checked that 
the thin film of an amorphous silicon is formed on a substrate. Moreover, it was checked by 
raising heating temperature that the thin film of polycrystalline silicon can be formed. 
[0083] Moreover, it was checked by using the same approach as an example 8 that the silicon 
thin film of p mold or n mold can be formed. Furthermore, by repeating and applying the 
formation approach of the above silicon thin films, the multilayer silicon thin film was formed and 
the solar battery shown in drawing 6 was produced. The solar-battery property was observed 
also in this component. 

[0084] The solution which dissolved in the xylene the silane system compound shown with the 
following chemical formula as a source of example 14 silicon was applied on a silicon substrate, a 
quartz substrate, a glass substrate, or the stainless steel foil. These substrates are put into a 
hydrogen furnace, the xylene was evaporated, the pyrolysis of the silane system compound was 
carried out at 650 more degrees C, and silicon was separated. Consequently, it was checked that 
the thin film of polycrystalline silicon is formed on a substrate. 
[0085] 

[Formula 15] 

(t-Bu)g 

I 

Si 
I 

(t -Bu>3-Si"Si j ^ SL— Si— (t-Bu>3 

Si 

I 

Si 
I 

( t -Bu)3 

[0086] Moreover, when passed hydrogen by the flow rate of 2m2 / min, a pressure was set as 
latm, UV irradiation was added with the output of 10J using a KrF excimer laser and pyrolysis 
temperature was lowered to 350 degrees C. it was checked that the thin film of an amorphous 
silicon can be formed. 
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[0087] Next, after the same spreading process as the above, as a result of carrying out the 
process which separates silicon by the pyrolysis in the hydrogen ambient atmosphere containing 
diboron hexahydride, it was checked that a p-type silicon thin film can be formed. Moreover, 
after the same spreading process as the above, as a result of carrying out the process which 
separates silicon by the pyrolysis in the hydrogen ambient atmosphere containing an arsine, it 
was checked that n mold silicon thin film can be formed. In addition, a phosphine may be used 
instead of an arsine. 

[0088] Furthermore, the solar battery shown in drawing 4 using the formation approach of the 
above silicon thin films was produced. As a result of measuring photoelectromotive force and 
searching for conversion efficiency about the obtained solar battery, it is 8.5% and it was 
checked that the conversion efficiency which is equal compared with the conventional 
amorphous-silicon solar cell is acquired. 

[0089] Similarly, the solar battery shown in drawing 5 was produced. As a result of measuring 
photoelectromotive force and searching for conversion efficiency about the obtained solar 
battery, it is 8.3% and it was checked that the conversion efficiency which is equal compared 
with the conventional amorphous-silicon solar cell is acquired. 

[0090] Similarly, the solar battery shown in drawing 6 was produced. The solar-battery property 
was observed also in this component. 

It is P(SiMe3) 3 as the silylene system compound shown with the following chemical formula as a 
compound used as the source of example 15 silicon, and a compound used as the source of n 
mold impurity. It used. After carrying out the spin coat of the toluene solution of the mixture of 
these compounds on a quartz substrate, the vacuum drying was carried out at 70 degrees C for 
1 hour. Subsequently, to the bottom of the mixed air current of an argon and hydrogen, it heated 
at 600 degrees C by 300 degrees C for 1 hour for 1 hour, and the pyrolysis of the raw material 
was carried out. Consequently, the silicon thin film with which Lynn was doped was formed. 
[0091] 

[Formula 16] 
t-Bu 



C 



I 

t -B u 



\ 
Si : 



[0092] It is P(SiMe3) 3 as the OKUTASHIRA cubane compound which has the trimethylsilyl 
radical (TMS) shown with the following chemical formula as a compound used as the source of 
example 16 silicon, and a compound used as the source of n mold impurity. It used. After 
carrying out the spin coat of the toluene solution of the mixture of these compounds on a quartz 
substrate, the vacuum drying was carried out at 70 degrees C for 1 hour. Subsequently, to the 
bottom of the mixed air current of an argon and hydrogen, it heated at 600 degrees C by 300 
degrees C for 1 hour for 1 hour, and the pyrolysis of the raw material was carried out. 
Consequently, the silicon thin film with which Lynn was doped was formed. 
[0093] 

[Formula 17] 

TMS TMS 
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Si 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 

DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] The mimetic diagram showing an example of the equipment for enforcing the 
approach of this invention. 

[Drawing 2] The mimetic diagram showing other examples of the equipment for enforcing the 
approach of this invention. 

[Drawing 3] The mimetic diagram showing the example of further others of the equipment for 
enforcing the approach of this invention. 

[Drawing 4] The sectional view showing an example of the solar battery manufactured in the 
example of this invention, 

[Drawing 5] The sectional view showing other examples of the solar battery manufactured in the 
example of this invention. 

[Drawing 6] The sectional view showing the example of further others of the solar battery 
manufactured in the example of this invention. 
[Description of Notations] 

1 — Substrate 

2 — Semi-conductor thin film 

3 — Coater 

4 — Nozzle 

5 — Hydrogen furnace 

6 — Heater 

7 — Raw material container 

8 — Semi-conductor raw material solution 

1 1 — Supply roll 

12 — Delivery roll 

13 — Rolling-up roll 

21 — Glass substrate 

22 — Transparent electrode 

23 — p mold amorphous silicon layer 

24 — Undoping (i mold) amorphous silicon layer 

25 — n mold amorphous silicon layer 

26 — Aluminum electrode 

27 — Aluminum electrode 

31 — Stainless steel substrate 

32 — Molybdenum electrode 

33 — p mold amorphous silicon layer 

34 — i mold amorphous silicon layer 

35 — p mold amorphous silicon layer 

36 — ITO electrode 

37 — Aluminum electrode 



41 
42 



Alumina substrate 
Si02 Film 
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43 — Si3 N4 Film 

44 — p mold polycrystalline silicon layer 

45 — n mold diffusion layer 

46 — ITO electrode 

47 — Aluminum electrode 

[Translation done.] 
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J: v-y ^x^-^fcfi^/u-^^^^^^Aco^SfBfiii^JFMX 

^^^{ST^ii::fttfr^/i-:7T^tiflg^?FMX#5o 
[0 0 2 6] 'yy^^'^A\:.'^^h^^v^>-^.\\:.'^^h<r>m 

^mwnm^mmrr^^Lthx^^o i^^j^^t 

[0 0 2 7] ±U^X 0 ^j:^mm<D:^&^Mm'thtiisb 

(Dmm^mi-m3{^m^mz^-To mi (a) iz^-r 

yX/u4^{Sxfc^*3^e3f^t;iSSi^An 

^ti^^m(^m^mm-r^zt^-x^^o ^tw. mi 
(b) ic^-ri:3{c. ^mi^wM<r>Mmr-m^^ritim 

HM^x t - 6 J; D sffi 1 ^mm\^x^mi^j^n 

^ - /cf if ^ ffi 1/ ^ 5 c <t ;ei ^ X # e . 
[0 0 2 8] m 2 tr^-r J: 9 fc. 7K^^ 5 p^Jc^^ 1 ^ 

[0 0 2 9] ^fc. m 3(1:7 U:^rv^://W7'£SS^ffll^X 

is^&^d ^#«s:^gig^^it-r ^ 7t (o^^^^-r X 

S^6o :7 uarv-y^/U/^Stel fi#t^n— yUl 1 ^^^^^ 

Stel llil^t) 2. 1 2icj: ig7K^*p5--ill^n 

7X^i^5I^Xt-^-6ErJ: t9;tjD^^^X^^^^i^ 

-6. :L(DXo\^\^X^\y^iy-:f7i^f^mm±^\^Wm}\^^ 

[0 0 3 0] *^0^{:i*5i^xfi. pm^fznnm(^mm 

^(D^m^mm^mj&'rh^thx^h. ^(D^^tx^ 
x{^^XT<DXot^2-o(D^m^m^^h^tf)^x^h. -r 

(1) (I) - (VI) XS$;Jx5^b^^ 
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(7) 
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^^mf^^mm^'^^jym. ^xtj^ (2) (d 
~ (VI) x^m^th^it^mt^hfji^mx^m^^ti^^ 

xu^jt^m^it. ^\cmM\^tcco tmmxx\^\ 

[0 0 3 1 ] :ithb(o:^mc^^^x. pM^^^ti^x 
n-^^{:^^^^m (B) f)K nm^^^ti.xnv:y 

(P) . (As) . T>^^>^ (Sb) 

60 (1) (^::^?i-e(i. K— LT^^s&^Tc^ 
(OT/u^/Wb^x ^fcfi5^^F^t::^^^5c;^<t S i t(D 
'^^^m'r^it^m^m\^^hti^. (2) (D:^^i-efi. 

[0 0 3 2] pm^^^^COT/U^yHt^t UXfl. Mx. 
(^B P h3 . BMe P h2 . B ( t - B u ) 2 fj: ^^^m 

LXfl. B (S iMes ) 3 . PhB (S iMe3 ) 

2 . C 1 2 B (S i Mes ) t^t'^mifhth^o 

mm<nim\\Lmh v.x\xm^\^i>^^'7^-yfi:}£tr^m^ihf\^ 

[0 0 3 3] nM^MJ^c^r/W^/Hk^^ br(i. 
f^PPhs . PMePh2 . P (t-Bu) 3 . AsP 
h3 . AsMePh2 . As (t~Bu) 3 . SbPh 

3 . SbMePh2 . Sb (t"Bu) 3 f^l^ti^m^^h 

th^o nm^mmt s i t(D'^-^^m'r^it^¥>. 

P (SiMe3 ) 3 . PhP (SiMe3 ) 

Me 



Me- 



Me 



2 . C 



Me 



I2 P(SiMe3).As (SiMe3)3. PhA 
s (SiMe3)2.Cl2As (SiMes) Sb 
(SiMe3)3. PhSb (SiMe3)2. CI2 

Sb (siMe3 ) fj:t^^^^mi<fhti^. nm^m^<r>7K 

[0 0 3 4] ±fE(7) Vm(0 b ^t#i-B - S i 

^'^^^-r^^b'&^^fcfiP (Ast>b<tlSb) -S 

^mwmm<Bmm.mm^^^mx^ 

\OQZ^\f^^^ K-^^V hM<^ LTB- S i 
W-r^^b-^^^fcfiP (Ast.L<(iSb) -SiS-g^ 

^bX. TIE— aS5^X-^$tt6^^^ 

[0 0 3 6] 
[^[^ 1 3 ] 




[0 0 3 7] 

[^t: 1 4 ] 



Me 



Me 



Me 



Me 
I 

Me-S i - 
I 

Me 



Me 



Me 



Me 



Me 
I 

S i 
I 

Me 



[0 0 3 8] :Ltiho:>W^^<^b^. h y 

y/U-^ (Me3 Si-) ^^-r^^^^ v/^^ri-x^^fl 

j&':)om^mm \^xi^mm<oi^mm:^^mm.ir^ ^ t t-x 



^ 2m^^±mnx^mi^m^^jfm\^timm^^'th(D 

Mf&'t^Z t\^<X^ . p— n. pin. i— p. i— n 

[0 0 3 9] :^%m(D:^m{:LX^±mmm^m^'r^^ 

M;tt^!ll3l;i^U;tJ:5/^J®^l^^^^7Km^(^m^ 



(8) 
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[0 0 4 0] i^_b(Di:9(:i. ^wMxi-xmm^^MP^m- 
xmmm^mmx^ 

[0 0 4 1] f^^. :^mm(D:^mt,xmmni(r)m^^^± 
FT(Dmm\^h^^h^^^tnmhf)^x^^. ^tz.. io 

[0 0 4 2] 

')=r^j>^^MK.xm'^<om^^\^xm^^^X' (s i 

H2 ) n -X^$ti.5— ^Tta^^y v-^ V^Sr-a^/SL. ^ 

[0 0 4 3] C_(7);Ky v/7>^^v^t->^t;i^Wbfci^^^ 
th^ $ ^{c 6 5 0\:T'^y v 

[0 0 4 4] ^ 7K^^ 2 m2 /^m i n (D^JfcSX^ L 30 

T/E;^^ 1 a t m(;i^:^L. K r F^=^~>-^u— ^ 

^ffi LT 1 0 J <D\!^tix^9vm^M^i}wx,xm'7fm\^^ 

^3 5 0t:(:iT(tYc^'&t:if±. r^/w:7r;^i/y :=i>'(D 

[0 0 4 5] m^. ±.mtmmtmm:£M(D'^. W:ifm 
>'^'^^~r^7Km^m^'pxMMvtz'^^. n^i/y=i 4o 

[0 0 4 6] ^f^tH. J^_b(Oj;9/^>-y rnv-J^flitOJf^^ 

^m^mmi^xm4{C7r:'r±mmm^i¥mL.rc, m4\:i 
^\^^x. :^y:^m^2 i±{zi^. mitm (sn02 ) ^ 

fcil^^l:^ :/v^^>jU^ (I to) f)^hfj:^mmmm2 2 

^*-m)^^tix\^^:b. ^'7ymmmm2 2±{a^. mmm^m 
pMr^/u:7r:^i/y ='>^il2 3. J?^ 0. 5Min(or so 
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>K->^ (iM) r^/U77r ;^v^y ^ V® 2 4. ^oJ:l>* 
il^o. 1 M m(7:)nS!r^/u:7r;=^i/y =^>S2 5f)^m 
^mm^tiX\^^^o ^h\z. nMr^/i-:7:r>^iyy 

m2 5±i,:inT/u^^^M.m^2 mt^Ltcmmm 
m2 2±{znT/i-^=^^j^mm2 Tr-^ti^'tiMj^^ti 

[0 04 7] mhrirz±mmm\z-o\^^x. ^mmti^wi 

^l^xm^^^^^i^fz'^^. 7. 8%X^<9. t^tJi^t^ 
[0 04 8] MMM 2 

A r xSSfc^ixfc^iS^^tw 1 L(7) h/i-^>'^;!jD;t. 

69c}3(;i^;;i,^<^^L.f-^j^N a 2, 2^/U^M:tti, 1 
^/K7)v^:3i^/U>?^ n n >' t 0 , 0 5^/UC7) h y m 
^/U^ u u >^ t(Dmi^^^ 1 0 OmL(D h/U^^i^-X* 

^do Z(Vm. ^iSrU^^^ 1 0 ot:^^;t/^i^J: 3 tcr^T 
1 1 O^X^iC^iirfCo ^^i^:;to^Jl^ni^ / 

t^i^t^^-frfco r(7)7Ky v/^>'(^- (siEt2 ) n - 

xm^ti. ^T-ifl^3 0 0 OXfcofc. 

[ 0 0 4 9] rtD^i^y v/^:/^^v^i/>tw^Wb7t?^i^ 

[0 0 5 0] ^fd. 7K^^2m2 i nt^^J^ftXffiL 

XJE;^^ 1 a t mtC^^U. K r F ::cef-->-^ u-i^'—^ 

^ffl Lx 1 0 J (Dijdtixm^mmm^mx.xwj^mMm 
^35 ot:iwTttYci^^trfi. r^/i-^'T^^^v-y 

[0 0 5 1 ] ^fd. mmwn ti^m^j::^m^m\^^^zt 
vy :=i>^mm:^xxj^pmi^v =^>'nm^mm\^xn pm 

[0 0 5 2] /^^b\ M^^^R/^^-CH (CH3 ) 2 . - 
C (CH3 ) 3 . -C (CH3 ) Ph2 ^fdfl-C (C 
H3) (cyclopropyl)2 X^6/i^y ->^> 
^ ffl I > ^ -8- { :i ^ ^ ^g;^ ^# ^ ^ o 

[0 0 5 3] mmm 3 

i^y =i>-f^^^^5^b^^^<t LX-(SiEtPh)n- 
xm^tL^-l^Ttm^^V i^y> (55^^3:^^5 0 0 0) ^ 

m^^tzn :i<Dyi^v ^>y>nMuxnmi^xh^ . ^v^u- 
[0 0 5 4] :i<D^v i^y>'^^^>i^>\z^mi'ti^i^ 



(9) 
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[0 0 5 5] ^fc. 7K^^2in2 Xm i n (OSST'^ L 
XEE:^^1 a tmt;iK^L. K r F^J^^v-v U— y-'— ^ 
LT 1 0 J cDtli;^T^^i^^,t+^^P;tT^:5>^ra-^ 
^3 7 ortcTttYdJ^'&t-fi. T^/^:7r^>^y io 

[0 0 5 6] ^JS^iJi 

■^mm^titc^ j£Ji±coj; 5^^->y :=^v^?M(ojF^ 
f^:^m^m ^ j§ LTiiffi^6 zt{zx^ ^m<D^^ y > 

^tSI^^PMU. III5{;i^i-;^liFma^^f'^Mbfc. ms\z, 
^si^T. ;^y^:/u;=«.^^3 1 iilcji. ^y:^-^Vmi^3 

2/5Sjf^^$^Xl>^o -r(7)^y :/7^Vmffi3 2±tCfi, 

jp^o. 1 ;i m(^p^r^/i-:7r ^^v-y ^ Vjl3 3. J? 
^0. A iim<D iMT'^J^-yr^^^U ^>M^ 4^ 20 

i/Jl^o. 1 m(^p^r^/u:7r ;=^v'y ^i^M^ 5?^^ 
l^m^ 5±(r*i I Tom<^3 6 4oi:o^'r/i-^^^^A®^^ 
[0 0 5 7] %htitixmmM\:^-^\^^x. %i^mti^m\ 

-^X^Xmmh^^i^^t:.^^. 8. 3%-efct5. 

r r X V- y n i^±m^ni\^\^-<xm'^<^^J:^^^^ 

[0 0 5 8] mmm 4 

i^V ^^^mt^^^it-BmtLX (S i (t-Bu)2) 30 
n (nfi3^fcifl4) r'^$;n.6^t^^y 

[0 0 5 9] ro^jR^y i/^^^^ h/L^>^t-l^fl¥Ufc 

CiAn. h/^^^^^S^^^ii:. ^f.{r4 3 0^T-^4^7K 
')iy'7>^m^M^'^Xi^'J ^ly^mm^^fz.^ 

[0 060] ^ ^d. tK^^ 2 m2 Xm i n (DM^X^ U 
TJE;^?^1 a tmtC^^U. K r F:ii:¥v^-^U— y-'— ^ 

ux 1 0 J a:)\!s\tix^^wmm%:M^xm^mi^m 

^35 0t:(;iTttY::^-^t;iH. T^/i-:7r;^v'y =i>'(D 

[0 0 6 1] mmm\ tmmt^:^\^^m^^^:Lt 
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*dI/^X. T/U^-:hStg4 iJiidfi. S i Oz fli4 2:Jb^J: 
t>'S i 3 N4 114 3;6Mlli^^]i$ttTl^^o rtDSis 
N4 !l4 3Ji(::. J?^ 1 0 M mOO^'o>^;t)D(^p^#^ 
^i/y ^y;i4 4^5JF^^^tLTl^6o rtOp^^^^v- 
y n>^Ji4 4{::y vl£»^fT5 nMtetfc^4 
5 7i^ffM$ttTV^^o CcOn^llz;SS[ii4 5_h{;il TOm 
<^4 6/^^?FM^tbrv^5o ^^Ci. ;^-y-^:yf^V^®|c 

^mufcp^^^^Bv-y ='>'ji4 4±(::t/u^ ^^7Am 
\^A7i)mj&^t\^x\^^^a ^^(om^K^^^xi,. 

[0 0 6 2] %mm 5 

^;l"^=^^J>.Utfi:hi\L'^mt\^X- (GeEtz ) n 
-X^$ix-5-*7t^^y y/U-^^^ (55^T-S^^3 0 0 

0) ^fcfi^^t^^y :Lthh<Di\i^m 

[0 0 6 3] rttf:>0O;^^y ^/U'-^V^^v'U'ViC^^L 

v^c^?^^. ^^mWi.^y :^mwL^fz.\^ 

^fCAn. ^i/L->^S^^^^. ^btw5 5 0rX7Ky 

[0 0 6 4] 7K^^2in2 /m i n O^JfcfiX??^ U 

rJE:;^?^ 1 a t mtr^:^U. K r F^i^^v'-^U— if— ^ 

LT 1 0 J (Dmtixm^umm^i]w^xm':^m\ELm. 

^20 ot:(;irttYc^'^lcfi. r^/u:7r ^^'^^VL'-^^'^ 

[0 0 6 5] ^iP^^J 6 

iy'J ^>'Utfi:hi\:.^mt\^x- (SiH2 )n -x^ 
^Tt^TKy i/^:/ (5^^fi^iooo) ^fcfi 

LX- (GeH2 ) n -X^$tL5-^^^7Ky y/U-^ 

V (^^fi^iooo) ^/cf^^i^zKy ^^vu-^^^ffii^ 

[0 0 6 6] r.;n.^t7)7Ky i/^:/*Dj;u^7Ky y/u-^v-^ 
fiJ-^Xv^y ^>^»fe ;^^^Sfe^fcfi^7^ 

A:h.. ^v^l/>^^^^^^. ^ 6 5 Ot;X4^y v^^ 
V:f3j:t>':^^y .y/u-7>Srl^5J'fi?^^Xv^y 

W: t;i 1 5 fmiJ^t- 5 V- y =1 - y /i--^ ^ i> ^ II 
^5?fM $ tbX I ^ 5 ^ ti^mm ^ totc^ 

[0 0 6 7] ^tc. 7k*^2m2 /m i ncD^J^SX^S^U 
XIE;^^ 1 a t ml::^^U. K r F^^i^i/-^ if-^ 
^ffi LX 1 0 J C9ai^X^^;^BStt^;f)D;tXflS5>mM^ 
^3 5 ort^iT^tYc^-g-t-fi. r^yu:7r^>^y ^v- 
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[0 0 6 8] ^±<D X b t£:^m^n^^t>^x s i m% 

[0 0 6 9] m^m 7 

'y'J ^^mt^^^ih^mt LT- (s i HPh) n --e 

3 ) 3 ztih(o^t^m(DU^m(D h^i^^i^^ 

«^^^g«-htr;:^e^^n" hbfc^. 7 0t:Tlti#rH^ 10 
tr:Jol^X. 3 0 Ot:-C*10#rp1. 7 O Ot:T- 1 B^rsl^tJDl^ L 

[0 0 7 0] mmm s 

ttq^fme^fh-a^^O iST-fc^S is C 1 12 ^^l/^fdo 
[0071] r(^Si5 CI 12 ^^m^—'r/i^lzmM U 20 

Sis C 1 12 ^^^^^iirXi:/!; :=i>'^ie^i$^i:fc« r 

[0 0 7 2] m^. Aiutmm^m^:rM^w. m'si^m 

^ v-y ^ v^^ffi^^-fr^xa^v^^^y v-^^^-rs 30 

iynm^mm,x^^:itf)mm^titi„ ^j^^^rs^ r/^v-^- 

[0 0 7 3] ^ JeJl_t<7? J: 5 ^^^v-y =^ >^»3ico?f^i^fe 

jjm^mm\^xm4{zi^^-rxmnm^ifm\^r:io nhti 

[0 0 7 4] MMW^] 9 

i/y n v8i<Jr/£6/>ny>^>fl::^i: LXS i6 c l u ^ffl 
l/^fc, ^(^^►{t'a'^fi. a.'^./i^3 2 orx^^i?. ^ffl^- 

[0 0 7 5] r COS 16 C 1 14 ^/i-t:ii^ft?L 
^tcAtu. ^m=^'-'r/\-=kMM^'^. ^h\^4 4 OX:X so 



Si6 C 1 14 ^l^^^^^-frXv^y :=^:/^i®^^ii:fc« w 

nxi^^^ztr^mm^titi. -^r^. i^mMS^^^f^z 
[0 0 7 6] ^tz. mmms tmmfj::^m^m\^^^:Lt 

V. y >^tHlib^ ^ p^i/ y =^ v-^^li^^il UT n p S 

[0 0 7 7] ^iS^iJ 1 0 
v-y r^>'g^^;:^-5^^t^y>'^b^<^ LTHM^llS-Cffil^irc: 
(7)^Ir1^c7)S i 5 C 1 12 ^>^l/^fc, Z(DSis CI 

12 ^^-^.ffl^or^xt^^^&^a^^t^ J: "9 . i/y 

/u-^^^^^. ^ f.tc4 5 ot:-es i 5 cin^m^M 
/i':7r^ v-y :=i>'(DMM^^^Mf&^tiX\^^^^ t^^^^M^ 

pS^fc(inM(Oi/y =^i^mm^Mf^xt ^:it 
f^jj^^^m^M\^xmm'r^zt\^x^^m(Diyv =^> 

±mmmiz^-^xm'^(D^j:\^^^mj}^m^hti^ t^'- 
[0 0 7 9] ^mm 1 1 

14^. m^^Mm(D^^xmm^mmzx^ . ^y^j^i^m 

/v-^S^^^ii:. ^ ^{c4 4 ot:-es i 6 c 1 14 ^^5^^ 

/u:7r:^i^'J =^zy(Dmmmm^tix\^^^:it^-mm^ 
titz„ ^fc. ;bPi^ras^±tf^ctt:iJ:fp#^r0v/y 

[0 0 8 0] ^fc. mmms tmm^^jjm^m\^^^:it 
pm-^tLnnm<Diyv =^>'mm=^nmx^^:it 

f^^m^m^Mi.xmm'r^zt{:ix^^m<Diy'j 
[0 0 8 1] '^mm 1 2 
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^^i^yto :icoit^m±. ^m^-^/^^j: t'<D^m^m: 
Ges c \ 12 %:m^m^'^x^/u-^^^j=^^mm^'^ 
[0 0 8 2] mMm 1 3 

i^fco ct^s 15 Br 12^. m.^^&^<D\^mxmm^m: 

Sis B ri2 ^|ia5>«$iirTv-y r^V-^K^^iirfCo r 

rix\^^^^ttmm^thtL. ^ti. i]umm^^±if^^ 
[0 0 8 3] ^fc. mmms tmm^j::^&^m^^^zt 

[0 0 84] mmm 1 4 

^h{^e 5 ox:x-yy>'mt^m^m.^M^-^xi^ 

[0 0 8 5] 
Utl 5] 

(t -Bu)3 

SI 

1 

Si 40 

(t-Bu>a-Si-Si ^ j "^ Si— Si— (t-Bu>3 

Si 
I 

SI 
I 

<t-Bu)3 

[0 0 8 6] -^ti^ 7K^^2in2 Xm i n cO^JfcftX^St L 
T/E;^^ 1 a t mCl^^U. K r F U — ^ 

f^ffl LX 1 0 J c7)ai;^X^^i®0S|4-^;t,p;tTI^5^mS 
^3 3 oX:\zTiftim^^a^. T^/uyr:^^>^J^xo so 
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[0 0 8 7] ^tc. JiiE<h[HH^/^^*xSto^. m/AM 

[0 0 8 81 ^^(c. }^±<Dx^^j:^>v =^>'mm(Dm}^ 
jjm^mmvxm4{Z7jk'r:i:mmm.^i'fm\^ti. m^n 
fc;^l^mmtwo^/^T. ^i^m:hm^\'^i.xmmj}m^^ 

[0 0 8 9] mmi^. msi^Tfk'rxmmm^i'fmi^rz. 
mhtirc:j^mmm^-:^\^^x. ^^mti^nmi.x^m:^ 

^^^s^fc^m. 8. 3%xh^^ '^^<Dr=^iv-7r^ 

i^v ^>'±mmm\^it^xm^(7:>fj:\^^^m)}m-^mhri 
[0 0 9 0] mmi:^. m e \c^'r±mmnL%:i'^m u/co 

TP (S iMes ) 3 ^ffll^fdo :itlh(Dit'^^(DU^ 

^£O^^^^TtC:*ol^-C. 3 0 O^-ClHtn.^. 6 0 Ot: 

[0 0 9 1 ] 
[^b 1 6 ] 

t-Bu 
I 

I 

t -B u 

[0 0 9 2] ^*F'J 1 6 

y7«^/U'>y/u^ (TMs) ^^-r^:^^^^:/^^^/^ 

(S iMes ) 3 -^m^^fz.^ :itlb(Dit'^(^(Dm^^CO 

h/u^>'wm^^^m^±^^:^^'>^-bi.tim. 7 0 
m^^UT^^^^^x. 3oox.x\^m. 6oot:xi 

[0 0 9 3] 
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lit 17] 

TMS TMS 



TMS 




TMS TMS 

[0 0 9 4] 
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5 ■--tKS^p 

6- " t— — 

7- J[^*4^l§ 

10 1 2-"il|'9 a— /U 

1 3---##Sii9 n3— /u 

2 l"-;if^xSS 
2 2-"S3^mffi 

2 3 - pMT^/l-:7r ^^^v^y 

2 4"-r>'K— (iM) T'e/u^r^i^'J^^M 

2 5---nMr^/u:7r:^v^y ^i^il 

2 6 ■■■Tj\-^=~^J^W^^ 

2 7-"T/U'^:=.e7Am^§^ 

3 1 "•:^'r:y\y^^WL 
20 3 2 ---^y -:^'f>WM 

3 3---pMT^/^:7r :^~>y 
3 4--- i MT^/w:7r ^e/y 
3 5 p MT^/i-:7 r y ==i >-/! 
3 6 - - I TO®H 

3 7 - r/i-^^c^Ami^ 

4 1 '"T/x-^-rmu 

4 2-"S i 02 fl^ 
4 3--S i 3 N4 m 
4 4-p^#^^0V'y :n>^jl 
30 4 5---n^^ifejl 
4 6 ■■■ I TOWM 
4 7 "'T/\^^=^'^J>^mM 
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